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ABSTRACT

The primary aim of this instructional module is to develop in the faculty and students an awareness
of the many facets of safety and health, as applicable to civil engineering and construction work.
Lack of a significant coverage of occupational and public safety and health topics in the related
curricula has produced a gap of knowledge; this module attempts to fill this gap. Although a broad
range of issues, concepts, pnncxples and recommendations regarding construction safety and healith
are covered, this coverage is not intended to be comprehensive or exhaustive. Numerous references
are provided in the module to lead the faculty and students into a vast wealth of knowledge in the
fast changing field of safety and health engineering and management.

The module consists of seven units which can be utilized mdependently, or in desired combinations.
It is envisioned that the information presented will be integrated in design and professional courses
as a complement to the existing course materials, as deemed suitable. The loose-bound format in
which the units are presented should allow future expansion and updates. Each unit starts with a
set of goals and objectives, lists the key terms relevant to the covered topics, presents concise
information on the subject matter, and contains a list of the cited references at the end. Review
quesnonsarealsomcorporatedmmchumttogmdethefacnltyandstudcntstosynthesmngthe

important parts of the contents, and developing detailed summaries of the material covered
through the answers.

In the first unit of this module an introduction to the occupational safety and health problems in the
construction industry is offered using statistical data, followed by a discussion of the needs for
improving the industry's poor safety and health record, with special emphasis on the need for
education and training. In the second unit, humanitarian, legal, institutional and economic
concerns are described, stressing that accidents cost money and effective safety and health
programs result in tangible savings. The third unit covers the salient pomts of safety and health
legislation from a historical perspective, and presents information on the various federal and state
agencies, and professional and trade organizations involved in safety and health.

The fourth unit of this module presents findamental information on the causation of accidents,
mjuries and illnesses, and accident investigation, reporting, and prevention/control principles. The
recognition and control of specific hazards associated with a variety of construction tasks and
operations are covered in the fifth unit at some depth, with citations of the relevant OSHA
standards. The sixth unit is devoted to the understanding of the causes of construction and
structural failures through well-known case histories, along with the definition of the engineer's role
(and liability) in the delivery of safe design and construction. Finally, in the seventh unit, the need
for and the elements of effective company and project safety and health programs are discussed
with emphasis on planning, organization, implementation and evaluation.

There may be several important topics related to construction safety and health not covered in this
module, or covered in insufficient detail. The faculty and students are encouraged to identify and
explore such topics through their own research. Also, some of the information presented,
upeaaﬂythemfomanonpmstoregulauonsandmdards may become obsolete with time.

It is the responsibility of the engineer to stay current in the field to effectively perform his/her
professional duties.

ViI



PURPOSE

OBJECTIVES

KEY TERMS

UNIT 1

INTRODUCTION

To present an overview of the nature and magnitude of the safety and
health problems in the construction industry, and emphasize the need
for proper education and training on this topic, particularly for civil
engineers.

To familiarize the civil engineering faculty and students intending to
utilize this unit with:

1. The entities involved in construction projects which may be
concerned with jobsite safety and health

2. Unique aspects of the construction industry leading to its
traditionally poor safety and health record

3. Statistical information on construction safety and health

4. The problems and needs in the construction industry
concerning safety and health

5. The specific need for education and training on construction
safety and health.

Construction industry; project team; owner; designer; A/E; CM; injury
and illness statistics; incidence rates; occupational injury and illness;lost
workdays; fatalities; accident surveillance; construction team interface;
engineering needs; legal/legislative aspects; occupational health; primary
safety exposures; education and training.



CONSTRUCTION
INDUSTRY

Project Team

Unique Aspects

Differences with
Other Industries

UNIT I

INTRODUCTION

The construction industry in the United States is a $500 billion/year
industry (Construction Industry Institute estimate as annual output,
1987). About 90 percent ($450 billion) of the total is new construction
work, while 10 percent (350 billion) is maintenance and repairs (1).
Over the years, construction has been a major contributor to the national
economy. Presently, its share of the GNP is about 5 percent. In the
1970°s this percentage was well above 10 percent. The construction
industry employs over 5 million people annually availing 3 million full-
time jobs. This number represents. more than 5 percent of the national
labor force. There are also about 1 million contractors and
subcontractors engaged in construction work.

Construction projects are conceived, planned, designed and built by a
team usually consisting of the owner, designer-architect/engineer (A/E)
and constructor (general contractor and subcontractors). A fourth entity,
the construction manager (CM) may also be involved. In addition,

. support roles are played by material and equipment suppliers, financiers,

insurers, regulators, and consultants. Workers carry out the construction
tasks.

The construction industry is large but diffuse and fragmented, generally
consisting of small units. A number of very large construction firms
also exist, each doing more than $1 billion business annually, often for
very large corporate clients whose construction bills run to the billions
of dollars. The industry undertakes diverse projects ranging in size
from single family residential units to multibillion dollar power plants.
The work may encompass general building construction (residential,
non-residential,institutional, industrial), heavy construction (highways,
public works infrastructure, utilities), and industrial construction (major
industrial complexes such as refineries, power plants, steel mills,etc.).
A significant part of construction work is done by special trade
contractors, which perform plumbing; heating and air conditioning;
painting and paper hanging; electrical work; masonry, stonework and
plastering; carpentry and floor work; roofing, siding, and sheet metal
work; concrete work; and other miscellaneous construction related work.

The construction industry is uniquely different from manufacturing and

other industries, in that:

. Its products are site produced and one-of-a-kind. With the exception
of perhaps the housing sector, each project can be considered a "first,
full-scale prototype."”

. The construction project is highly dependent on local conditions; i.e.
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Poor Safety
Record

STATISTICAL
DATA

Main Organizations
Collecting Data

Other Data
Sources

Discrepancies
in Data

Incidence Rates

site, climate, local codes and regulations.

. The work is very labor-intensive involving large forces and energies.
The tasks are very variable; mass production and standardization are
very difficult to achieve.

. The industry brings together diverse entities such as designers,
builders, planners, developers, skilled craftspeople, laborers, suppliers,
distributors, managers, lawyers and regulators. These entities are
joined together for a single project usually under complex
arrangements, and are then dispersed upon completion of the work.
The workforce is transient in most cases.

Because of the inherent diversity and complexity of construction projects,
the industry has traditionally suffered low productivity, a high degree
of disputes, litigation and business failures, and a poor record of site
safety.

Several organizations collect, process, and publish information/statistics
on occupational injuries and illnesses. The main ones are:

. The Occupational Safety and Health Administration (OSHA);

. The Bureau of Labor Statistics (BLS);

. The National Center for Health Statistics (NCHS);

. The National Institute for Occupational Safety and Health (NIOSH);
and

. The National Safety Council (NSC).

OSHA and BLS are within the U.S. Department of Labor. NCHS and
NIOSH are agencies housed in the U.S. Department of Health and
Human Services. NSC is a voluntary association consisting of both
individuals and organizations interested in promoting safety.

Injury and illness data are also compiled by the states (usually through
their labor departments and workers compensation programs), and by
insurance companies. While the states commonly publish these data,
insurance companies in general do not.

In studying safety and health statistics, it is important to recognize that
due to the different techniques and databases employed by different
agencies in compiling their statistics, (e.g. sampling techniques, data
analysis, using company reports, workers compensation data, death
certificates, etc.), significant discrepancies may exist between their
figures in reporting the same information.

Table I-1 summarizes the BLS estimates of the occupational injury and
illness incidence rates per 100 full-time workers in different industries
for 1990 and 1991. Table I-2 shows for 1991 the breakdown of the
construction industry statistics into sectors represented by the various
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Table I-1
BLS Estimates of Occupational Injury and Illness
Incidence Rates by Industry Division, 1990-1991 (2)

Incidence Rates?
Nonfatal
Total " Lost Cases Lost
Cases® Workday Without Lost Workdays
Cases Workdays
Industry Division 1991 | 1990 1991 | 1990 1991 | 1990 1991 | 1990
Private sector@......................... 84 838 39 41 45 4.7 865 84.0
Agriculture, forestry, and fishingd 108 116 54 59 53 57 1083 1122
MIning..........ooeererverrrennenns s 74 83 45 50 2.8 33 1296 119.5
ConStruction.............oeeevrureerersens 130 142 61 67 6.9 75 1481 1479
Manufacturing.............eouevrveennen. 127 132 56 58 7.1 73 1215 1207
Transportation and public utilites,. = 9.3 9.6 54 55 3.9 40 1400 1341
Wholesale and retail trade.............. 76 19 34 35 4.1 44 720 656
Finance, insurance, and real estate 24 24 1.1 1.1 13 13 241 2713
SEIVICES.....covecrecereeeveseesnesessenons 62 6.0 28 28 33 3.2 600 564

3 Standard Industrial Classification Manual, 1987 Edition (See Table I-2).
b Incidence Rate = (No. of injuries & illness x 200.000) OR (No. of lost workdavs x 200.000)
Total hours worked by all employees during period covered
where 200,000 is the base for 100 full-time equivalent workers (working 40 hours per week, 50 weeks per year).
€ Includes fatalities. Because of rounding, the difference between the total and sum of the rates for lost workday
cases and nonfatal cases without lost workdays may not reflect the fatality rate.
d Excludes farms with less than 11 employess.

Table I-2
BLS Estimates of Occupational Injury and Illness
Incidence Rates for the Construction Industry, 1991 (2)

Incidence Rates?
SIC Total Lost Nonfatal Cases
Industry Sector Code? Cases® Workday WithoutLost Lost
Cases Workdays Workdays

Construction.................ccoeereerernnen. 13.0 6.1 6.9 148.1
General building contractors.............. 15 12.0 55 6.4 132.0
Residential building construction........ 152 9.7 49 49 . 122.5
Nonresidential building construction.. 154 14.2 6.2 8.0 143.4
Heavy construction except building.... 16 12.8 6.0 6.8 160.1
Highway and street construction........ 161 13.6 6.2 7.4 176.6
Heavy consstruction except highway.. 162 124 5.9 6.5 153.2
Special trade contractors.................... 17 13.5 6.3 7.1 151.3
Plumbing, heating, air-conditioning.... 171 14.1 58 83 133.8
Painting and paper hanging................ 172 2.9 57 42 165.4
Electrical work. 173 12.6 51 7.5 107.5
Masonry, stonework and plastering.... 174 14.7 7.5 7.1 - 189.8
Carpentry and floor work................... 175 13.2 7.0 6.2 156.2
Roofing, siding, and sheet metal work 176 . 16.7 . 89 7.8 245.7

See footnotes on Table I-1 for a, b, and ¢,
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Occupational Injury

Occupational Iliness

Total Cases

Lost Workday Cases

Nonfatal Cases

Lost ‘Workdays

National Data on
Incidence Rates

Standard Industrial Classification (SIC) codes (2). The definitions of
occupational injuries and illnesses and lost work days in these tables
are as follows (3):

Occupational injury is any injury such as a cut, fracture, sprain, strain,
amputation, etc., which results from a work event or from a single
instantaneous exposure in the work environment.

Occupational illness is any abnormal condition or disorder, other than
one resulting from an occupational injury, caused by exposure to factors
associated with employment. It includes acute and chronic illnesses or
diseases which may be caused by inhalation, absorption, ingestion, or
direct contact of an agent.

Total cases include all work-related deaths and illnesses, and those work-
related injuries that result in loss of consciousness, restriction of work
or motion, transfer to another job, or require medical treatment other
than first aid.

Lost workday cases are cases which involve days away from work, or
or days of restricted work activity, or both.

Nonfatal cases without lost workdays are cases that do not involve
fatalities or lost workdays but result in medical treatment other than first
aid, restriction of work or motion, loss of consciousness, transfer to
another job, or diagnosis of occupational illness.

Lost workdays are the number of workdays (consecutive or not) on
which the employee would have worked but could not because of
occupational injury or illness and/or the number of workdays
(consecutive or not) on which, because for injury or illness, the
employee was assigned to another job on a temporary basis; or worked
at a permanent job less than fuil time; or worked at a permanently
assigned job but could not perform ail duties normally connected with
it. The number of lost workdays does not include the day of injury or
onset of illness or any days on which the employee would not have
worked even though able to work.

A glance at Table I-1 reveals that construction is a leading industry in
all categories of incidence rates. This situation has remained relatively
unchanged over many years. Table I-2 shows that the problem is
uniformly spread between all segments of the construction industry.
The lost workday statistics suggest that certain specialty trade
contractors, e.g. masonry, stonework and plastering workers, roofing,
siding and sheet metal workers, and water well drillers have the highest
incidence rates in the industry. One must recognize that a major part
of the incidence rate statistics in construction relate to injuries rather
than illnesses.
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Reliability
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The reliability of the injury and illness data has been widely questioned
(4). This is due to the belief that companies grossly underreport such
information. BLS surveys exclude public sector employees,
establishments with less than 11 employees, and the self-employed.
Also, occupational illnesses, especially those which are chronic (as
opposed to acute) with long latent periods, may be difficult to identify.

Fatalities and fatality rates (deaths per 100,000 workers) have been quite
high in the construction industry compared to other industries. This is
clearly displayed in Figures I-1 and I-2, which present data for the
1983-1992 period compiled by NSC (2). It is also observed from these
figures that there has been a steady decrease in fatalities over this
period, which is encouraging. However, the number and rate of
fatalities in the construction industry are still very.high, and are much
above the average of all industries.

NIOSH also compiles and publishes fatality data. According to an
earlier study (5), at least 6470 fatalities occurred in construction
nationally between 1980 and 1985, which translates into 25.8 deaths per
100,000 workers per year. During the same period, the average fatality
rate for all industries combined was 7.8 per 100,000 workers. Falls
were the leading cause of death (26.0%), followed by electrocution
(15.3%), machines (13.0%), motor vehicles (12,8%), and blunt force
(10.4%). The remaining fatalities (22.5%) were due to miscellaneous
causes which include drowning, explosions, homicide, suicide, and
environmental factors.

More detailed information on construction accidents, injuries and
illnesses is usually available at the state level. For example, according
to the statistics published by the Michigan Department of Labor (6), of
the 6,853 construction industry cases reported in 1990, 65 (0.9%) were
classified as amputation type of injury; 109 (1.6%) were burns due to
heat; 31 (0.5%) were chemical bumns; 440 (6.4%) were contusions
and/or bruises; 843 (12.3%) involved cuts and lacerations; and 1,233
(18.0%) involved fractures. There were 126 (1.8%) scratches and
abrasions, and 2,487 (36.3% - highest of all) sprains and strains. The
occupational diseases totalled to 374 (5.5%), and the remaining 1,165
cases (17.0%) were classified as miscellaneous and non-classifiable.

In reference to the same data, when considering the part of the body
injured, 151 (2.2%) of the cases involved eye injuries, while 234 (3.4%)
involved head and neck injuries. There were 647 (9.4%) finger injuries
and 1,030 (15.0%) upper extremity injuries. Back, trunk and lower
extremity injuries numbered 1,532 (22.4%), 909 (13.3%) and 1,649
(24.1%) respectively, comprising a significant part of the total. The
remaining cases involved muitiple body parts (515, or 7.5%), body
system (145, or 2.1%), and non-classifiable body parts (41, or 0.6%).
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In regard to the source of injury and illness, of the same 6,853 cases,
329 (4.83%) involved boxes, barrels and containers; 92 (1.3%) were
caused by chemicals; and 673 (9.8%) were related to handtools.
Machines, metal items and vehicles were respectively the source of
injury and illness in 318 (4.6%), 854 (12.5%), and 301 (4.4%) of the
cases. Wood items were involved in 331 (4.8%) cases, and working
surfaces in 1,620 (23.6%). There were 2,335 (34.1%) cases attributed
to other classifiable or non-classifiable sources.

The statistics regarding the type of accident or exposure revealed that
1,581 cases (23.1%) involved struck by or struck against type action;
1,771 (25.8%) were falls; 269 (3.9%) occurred as caught in or between
objects; and 113 (1.6%) occurred as rubbed or abraded by objects.
There were 530 (7.7%).. cases involving bodily reaction and 1,917
(28.0%) overexertion. Contact with temperature extremes and
radiation/caustic substances occurred in 109 (1.6%) and 116 (1.7%)
cases, respectively. Motor vehicles were involved in 109 (1.6%) cases.
The remaining 338 (4.9%) cases, again, were miscellaneous classifiable
and non-classifiable accidents and exposures.

Finally, the data showed that a larger number of cases occurred over the
summer months as compared to other seasons, and Monday was the
worst day of the week in terms of accident occurrence. The 25 to 34
year age group of the construction workers appeared to be most
susceptible to accidents.

Michigan Department of Labor also provides statistics on construction-
related fatalities (7). In 1988, construction led all other industries in the
state in terms of fatality rate per 10,000 workers, except for the oil and
gas extraction industry. The fatality rate for construction was 1.31
followed by agriculture, forestry and fishing (1.24), transportation and
public utilities (0.47), manufacturing (0.18), wholesale trade (0.15), and
services (0.08). Construction also led all the state industries in the
number and percentage of fatalities. Of the total 61 fatalities, 17 (28%)
occurred on construction job sites. A close second was manufacturing
with 16 cases (26%). During the period from 1987 to 1992,
construction fatalities were higher in number than manufacturing
fatalities for four years out of seven despite a much larger workforce in
the manufacturing industry. Construction led all industries in
percentage of total fatalities during each year of the same period.

The national as well as Michigan statistics clearly point out that
construction work is dangerous, and there exist significant problems
concerning safety and health in the construction industry which need to
be addressed. Although some improvement in certain indicators is
apparent, the situation is nowhere it should be.
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EXISTING
PROBLEMS
AND NEEDS

Critical Issues

Accident
Surveillance

Construction
Team Interface

Engineering
Needs

In 1989, the Center for Excellence in Construction Safety conducted a
National Forum on Construction Safety and Health Priorities (4). The
event was sponsored by the National Institute for Occupational Safety
and Health (NIOSH), along with several construction industry trade and
professional organizations, bringing together over 150 representatives
of the industry, labor and academia. The purposes of the forum were to
define the prevailing critical issues, to prioritize them, and to generate
strategies for potential solutions to the underlying problems.

The forum identified seven critical issues needing attention by the
industry. These were:

. Accident surveillance;

. Construction team interface;

. Engineering needs; "

. Legal / legislative aspects;

. Occupational health;

. Primary safety exposures; and

. Education and training.

Concerns about accident surveillance covered proper and meaningful
data collection, accident reporting requirements and procedures, data
analysis and contractual aspects, including liability issues. It was
suggested that a vastly improved system of accident surveillance is
needed to help contractors and regulatory agencies acquire the data
significant to the understanding and solution of the problems. Training
of the pertinent personnel on the effective implementation of all of the
surveillance related tasks was also recommended.

With respect to construction team interface, it was very clear that the
overriding problem revolves around the lack of a real understanding of
the roles and responsibilities for safety and health by the project
participants, i.e. the owner, A/E, contractor, CM, and workers. It was
recognized that safety and health in the construction industry was not
managed in the same manner as cost, quality, schedule and productivity,
mainly due to the lack of appropriate education and training in this area.
The recommendation was to make the industry fully understand the
economic benefits of effective safety and health programs, and that
owners should screen contractors based on their safety and health
records.

Engineering needs dealt with the application of engineering principles
and skills to accident prevention, particularly with respect to
construction erection systems, the construction process, equipment
design and accident data. It was contended that many construction
accidents and failures can be prevented by proper engineering. There is
a need for sound structural design rationale for temporary erection
systems and criteria for acceptable risk in various situations and
environments. The need for standardization of the layout controls and
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Legal/
Legislative
Aspects

Occupational
Health

Primary Safety
Exposures

Education and
Training

operating procedures for construction equipment based on ergonomics
principles, and an effective accident data collection and analysis system
were also stressed.

The role and effectiveness of the Occupational Safety and Health
Administration (OSHA) was recognized as the single most important area
of concern in regard to legal and legislative aspects. It was suggested
that OSHA was not particularly effective in accident prevention due to
its focus on regulatory compliance and penalties, and not on providing
the appropriate education, training and incentives for the contractor to
work safely. The problem of inconsistency in the interpretation of
standards by OSHA personnel was emphasized. Performance based
safety and health standards for contractors were advocated.

On occupational health, the primary concern was over the applicability
of the OSHA Hazard Communication Standard to the construction
industry, although its benefits were readily acknowledged. The need
was expressed for a medical screening and monitoring system tailored
to the requirements and potential exposures of the job. The need for
effective safety and health programs = with clearly assigned
responsibilities emphasizing the health aspects and hazard control was
also pointed out, with the suggestion that a model Safety and Health
program be developed at the project level.

The root causes of accidents were explored with respect to the primary
safety exposures. Six problem areas were identified: 1) lack of
company programs and written rules; 2) lack of basic, specific and
continuing training; 3) lack of planning, organization, motivation,
communication and control; 4) lack of a sound value system, i.e.
attitude, loyalty, sensitivity, etc.; 5) poor work practices and improper
procedures; and 6) lack of accountability and responsibility. The key
factors for solutions to these problems were identified as effective
education and training, and the implementation and enforcement of
well-designed safety and health programs.

Education and training was recognized, by far, as the most important
issue and need in the construction industry at all levels, from owners,
architects, design engineers, and construction management personnel,
all the way through the site supervisors and foremen to the workers.
Lack of adequate education and training was cited as part of many
problems relating to construction safety and health, and the need for it
was frequently and strongly emphasized for devising effective solutions
to the problems. It was suggested that an awareness of safety and
health needs to be fostered by training in this area, and must be phased
into the educational system very early, such as in grade schools and
vocational training centers. It was particularly recommended that safety
and health education become a required part of the engineering
curriculum in the United States.
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CONTENTS
OF THE
MODULE

Following Units

This instructional module responds to the critical need for the
development of a resource document for use by civil engineering faculty
and students in the area of construction safety and health. Many
graduates of Civil Engineering programs frequently find themselves in
responsible positions as employees of or consultants to construction
project participants, having little or no background or training in safety
and health. Their knowledge on this important topic may be less than
adequate for providing the optimal professional service in design,
management, or supervision. Traditionally, the emphasis in civil
engineering curricula has been on the safety of a facility as designed or
constructed, and little attention has been given to public safety and
health, and occupational safety and health during the construction
process. . Most of the knowledge on work site safety and health has
been gained, and ‘to:a-large" extent continues ‘to be acquired, through
experience on the job. It is hoped that this module will fill an
important gap which exists in the civil engineering curriculum,
affording opportunities for teaching and learning the significance,
principles and practice of construction safety and health.

In the following units of this instructional module we will present state-
of-the-art information on the rationale for safety and health, legislative
aspects and related organizations, principles of accident analysis and
injury control, construction industry safety and health practices and
standards, engineering, design and contract administration for safe
construction, and management of safety and health in construction
projects. '

REVIEW QUESTIONS

1. What are these unique aspects of the construction industry leading to
the poor safety and health record of the industry?

2. Name and discuss the organizations which collect, process and
publish statistical information on occupational safety and health.

3. What is meant by the term incidence rate? What types of incidence
rates are compiled by the Bureau of Labor Statistics?

4. What types of statistical information on occupational safety and
health are available from the Michigan Department of Labor? What
is the significance of this information?

5. List and discuss the seven critical issues (needing attention) that were
established at the National Forum on Construction Safety and Health
Priorities organized in 1989 by CECS. Which one of these issues do
you think is the most important? Why?
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PURPOSE

OBJECTIVES

KEY TERMS

UNIT I

WHY SAFETY AND HEALTH

To introduce civil engineering students to the need and significance of
addressing the safety and health issues presented by a construction
project.

In regards to safety and health, to acquaint the student with:

1. Humanitarian concerns

2. Legal/regulatory concerns

3. Institutional concerns

4. Economic concerns

S. Direct and indirect costs of accidents

6. Insurance considerations and experience modification rating (EMR)
7. Savings realized through safety and health programs

8. Accident cost accounting systems.

Concemns for safety and health; humanitarian; legal and regulatory;
institutional; economic impact; accident direct costs; indirect costs;
workers compensation insurance; liability insurance; property insurance;

manual rate; experience modification rating (EMR); mulitiplier; accident
cost accounting; safety program costs; safety program savings.



Body part
Head, face
Eye(s)

Neck and shoulder
Arm(s) and elbow(s)

Wrist(s) and hand
Thumb(s) and fingers

Back

Chest and lower trunk
Ribs

Hip

Leg(s) and knees

Foot (feet) and
ankle(s)
Toe(s)

Hernia rupture
Heart attack
Hearing loss
Death

Injury Type
or

Body Part

Eyes(s)

Head/Face

Neck and Shouider
Arm(s) and Elbowt(s)
Wrist(s) & Hands
Thumb(s) & Finger(s)
Chest & Trunk
Rib(s)

Back

Hip(s)

Leg(s) & Knee(s)
Foot/Feet & Ankle(s)
Toe(s)

Hemia Rupture

Qrarial MCancidsratinn

Insurance costs = 1% + 7% = 8% of direct labor costs;
Accident claims costs = 65% x 8% = 5.2% of direct labor costs;

1

Bruise
abrasion

Non-

250

300

250

250

200

320
250

350
2350

280

200

1,000
1,000

2,000
3,000

4,000
3,000
5,000
3,000
5,000
3,000
1,000

1,000

Bruise
Abrasion

Tordivant annén = @ a0 & W/ g AN OO/ L X% 1o __ a_
Table I1-4
Accident Cost Schedule in 1979 Dollars (7)
Injury type
Strain
sprain Cut
crush, mash puncture
smash Fracture laceration Bum
Non- Non- Non- Non-
Lost Lost Lost Lost Lost Lost Lost Lost
NA NA 700 8,000 250 3,000 325 7,500
(1) 45,000 NA NA 250 3,000 200 5,000
(2) 245,000
NA 350 7,000 1,500 8,000 250 3,000 325 5,000
(1) 190,000 350 4,000 1,000 6,000 250 3,000 250 5,000
(2) 250,000
(1) 52,000 275 2,500 700 9,000 250 3,000 325 5,000
(2) 250,000
8,000 ea. 275 2,500 350 5,000 250 3,000 200 5,000
up to 37,000
NA 2,000 10,000 NA 100,000 250 3,000 328 7,500
NA 450 4,000 NA 250 8,000 325 5,000
NA 350 1,000 450 4,000 NA 325 5,000
NA NA 3,500 450 12,000 200 3,000 325 5,000
(1) 89,000 375 4,000 500 15,000 250 3,000 325 5,000
(2) 280,000
(1) 44,000 300 2,500 450 9,000 200 2,500 300 3,000
() 90,000
7,000 ea. 300 1,500 200 2,500 250 3,000 325 2,000
up to 40,000
Table II-5
Accident Cost Estimating System (ACES) Multiplier Sheet (8)
Strain, Sprain,
Crush, Smash, Cut, Puncture
Amputation Mash Fracture Laceration Bum
5.3K-28.8K NA NA 35-350 25-610
NA NA 80 - 960 35-350 40 - 880
NA 40 - 830 175 - 960 35-350 40-610
24.4K-28.8K 40 - 480 120 - 720 35-350 35-.610
6.1K-28.8K 35-308 80-1.4K 35-350 40-610
960@ 35-305 40 -610 35-350 25-610
NA 55 -480 NA 35-960 40 -610
NA 40-120 55-480 NA 40-610
NA 249 -1.2K NA-11.8K 35-350 40 - 880
NA NA-415 55-1.4K 25-350 40 - 610
10.6K-33.6K 50-480 55-18K 35-350 40-610
6.1K-10.6K 35-30S 55-1.0K 25-350 35-350
830@ 35-175 25-305 35-350 40 -240
NA NA NA NA NA
HeartAttack = 1 K . Hearing Loss = 1.2K. Death = 10.6K

35-120
35-120
35-240
35-610
35-380
25-352
35-350
40-350
40-610
40-610
35-350
35-120
25-120
NA

Non-

time
6,000
5,000

350
300

300
250

7,000
6,000
350 8,000
200 5,000

350
250

10,000
9,000
9,000

450 4,

300 8,000

350 2,000

220 2,000

200 8,000
30,000
10,000
90,000

Other
35-610
40-720
35-830
35-720
40-720
25-610
35-11K
35-11K
40-1.2K
55 - 480
35-960
40 - 240
35-240
35-960



Revised Example

Referring to the accident cost example described above involving the
lost workday hand injury (fracture), the multiplier is found from Table
II-5 as 1,400. If the wage rate (including fringe benefits) for the worker
is $20 per hour, the cost of this accident will amount to $20 x 1,400 =
$28,000.

Note that this figure is based on rate adjustments for the period from
1979 to 1988 and does not account for the inflation rate beyond. Please
also note again, the multipliers on this table are simply representative
values, and they can be adjusted based on company specific data.

REVIEW QUESTIONS

1. What are the principal concemns in the construction industry
regarding safety and health?

2. How does the workers compensation insurance work for contractors?
How does EMR affect their competitiveness?

3. List and discuss the possible direct and indirect costs associated with
the following accident. State all your assumptions, and provide a
total cost estimate for this accident.

CASE STUDY

The deceased was on top of a mobile scaffold 15 feet above the level
of the third floor. Another employee was cutting wooden braces and
handing them up to him. The day was windy and the canvas sheets
15°x 20’ and 20°x 20’ were in use, hanging from the roof level to the
third floor level on the outside of the building, to protect the freshly
poured concrete from freezing. The scaffold was positioned near the
end of the building. The wind blew the canvas sheet into the
scaffold and knocked it over. The deceased fell to the concrete
surface of the third floor. He died the next day in the hospital from
injuries received. The second employee was able to jump out of the
way of the falling scaffold.

4. Summarize by sample calculations how money invested in company
safety and health programs provides savings. Will the savings
increase or decrease if the indirect to direct cost ratio (multiplier)
increases?

5. What are the advantages of instituting an accident cost accounting
system in the course of performing construction work?

6. Describe the main features of the Stanford Accident Cost Accounting
System.
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UNIT II

CONSTRUCTION SAFETY AND HEALTH LEGISLATION AND ORGANIZATIONS

PURPOSE

OBJECTIVES

KEY TERMS

To familiarize the students with the historical background of legislative
developments in the area of safety and health (with special focus on
construction), and to list and summarize the roles and responsibilities
of the main public, private and professxonal organizations involved in
construction safety and health.

To present information on:

1. The historical perspective on the legislative developments at the
federal and state levels concerning safety and health

2. The Occupational Safety and Health Act of 1970; its significance and
impact

3. OSHA, OSHRC and NIOSH and other organizations dealing with
safety and health

4. Present state of construction safety and health related legislation.

Labor legislation; federal acts; state workers compensation laws; OSH
Act;OSHA; OSHRC; NIOSH; safety and health standards; employers;
employees; workplace inspections; imminent danger inspection;
catastrophies and fatalities; employee complaints; special inspections;
programmed inspections; violations; de minimis; other than serious;
serious; willful; repeated; imminent danger violation; citations;
compliance officer; education and training; consultation; federally
approved state plans; safety and health organizations; civil penalties;
criminal sanctions; Comprehensive OSHA Reform Bill.



UNIT III

CONSTRUCTION SAFETY AND HEALTH LEGISLATION AND ORGANIZATIONS

HISTORICAL
BACKGROUND
ON SAFETY
AND HEALTH
LEGISLATION

Anglo-American
Common Law

Necessity for
Compensation

Early Federal
Legislation

Before the nineteenth century, America was mainly an agrarian society.
With the industrial revolution occurring in the second half of
the nineteenth century, the way of life started to change quickly with
people moving from the countryside to urban areas looking for work.
The working conditions in many factories and other establishments
were very unsatisfactory: work areas were overcrowded; ventilation,
lighting and sanitary conditions were very poor; and workers (many
of whom were women and children) usually worked 14 to 16 hours a
day. In general, illnesses, accidents, and even deaths caused by poor
working conditions in these- work places were accepted as inevitable.

Under Anglo - American common law, workers could sue their
employers for damages or injuries incurred in employment, but the
same law provided strong defenses for the employers through
considerations of contributory negligence by the injured employee;
negligence by others; and knowledgeable assumption of risk by the
employee (1).

Although labor legislation protecting workers and compensation laws
were present in Europe in the nineteenth century (Germany, England,
France), little was done on safety legislation in the U.S. Nevertheless,
in 1867, Massachusetts initiated labor/safety related laws involving
factory inspections, labor statistics, and limitation of daily working
hours to 10. Other states joined with their own legislation later in the
century. Not until the early 1900’s had sentiment begun focusing on
worker protection and compensation. The famous "Pittsburgh study”
undertaken in 1907-1908 documented, for the first time, the number of
industrial fatalities in Allegheny county (526) in one year, and
concluded that the cost of work accidents almost exclusively fell on
the workers and their families. This finding underscored the necessity
for a system of compensation to achieve justice, social expediency and
prevention (2).

The first federal legislation on workers compensation was enacted by
Congress in 1908 - for federal employees only, with a limited scope.
In 1910, the U.S. Bureau of Mines was established in the Department
of the Interior to reduce mine accidents (after the 1907  Monongah,
West Virginia mine disaster killing 362 miners). In 1913, the Bureau
of Labor Statistics was organized to collect, tabulate and disseminate
facts about industrial accidents and health problems. The National
Bureau of Standards began issuing safety standards for industrial
materials and equipment the same year.
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State WC Laws

More Recent
Federal
Legislation

OSH ACT OF 1970

Aim and
Coverage

At the state level, Maryland (1902) and New York (1910) passed the
first workers compensation laws but these were declared

» unconstitutional based on the 14th amendment. In 1911, Wisconsin

and Washington passed the first "constitutional" workers compensation
laws. By 1928, 43 states had them; by 1948 all 48 states had workers
compensation laws. Also, Departments of Industrial Hygiene and
Safety were formed to provide education and conduct safety
inspections in many states.

More recent federal legislation dealing with safety and health includes:

. Establishment of Bureau of Labor Standards in the Department of
Labor (1934), which was the first permanent federal agency with a
mandate to promote safety and health for the entire workforce.

. Social Security Act (1935), which provided Public Health Service
(PHS) funding for the states, and barred persons under 18 from
working in "dangerous” jobs.

. Walsh - Healy Act (1936), which confirmed the federal regulatory
role of the Department of Labor concerning job safety and health.

. McNamara - O’Hara Act (1966) and Construction Safety Act (1969),
which extended federal regulations to service contract employers, and
federally funded construction employers, respectively.

. Coal Mine Health and Safety Act (1969), following a mine explosion
in Farmingdale, West Virginia killing 78. This Act was amended in
1977 to include Department of Labor enforcement.

Without question, the most significant, comprehensive and far reaching
legislation relative to occupational safety and health in the United
States has been the Occupational Safety and Health (OSH) Act of 1970.
There had been strong sentiment among industry representatives, labor
groups and safety organizations that a federal agency was needed to
set safety standards and enforce them, if significant improvements were
to be expected in safety and health conditions in the U.S. work places.
Based on this demand, in 1970, it was found by the U.S. Congress
that occupational injuries and illnesses imposed a substantial burden
upon, and were a hindrance to, interstate commerce in terms of lost
production, and wages, medical expenses, and disability compensation
payments. In response to this situation, the OSH Act was passed on
December 28, 1970. Co-authored by Senator Williams (Dem. - N.J.)
and Congressman Steiger (Rep. - Wis.), the Act became effective on
April 28, 1971. The provisions of the Construction Safety Act of 1969
were included in this act by reference.

The basic aim of the OSH Act is to ensure, "so far as possible, every
working man and woman in the nation safe and healthful working
conditions and to preserve our human resources,” through reduction of
work place hazards. The OSH Act requires that each employer furnish
his employees a work place free from recognized hazards that are
causing or likely to cause death or serious physical harm. Under the
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Agencies

The Roles
of States

OSHA’S ROLE IN
SAFETY AND HEALTH

OSHA Inspections

Act, both the employers and the employees are required to comply with
the promulgated safety and health standards. With only a few
exceptions, the Act applies to every employer who has one or more
employees. Employers with 11 or more must keep records of all work-
related injuries and illnesses. The Act is not applicable to farm
employees who are family of the employer, to the self-employed, and
to employees at work places that are covered by other federal agencies.

The OSH Act created three agencies:

1) The Occupational Safety and Health Administration (OSHA) -
within the Department of Labor - to administer the Act, headed by an
Assistant Secretary of Labor. OSHA is responsible for the
establishment of safety and health standards and the rules and
regulations to implement them.

2) The Occupational Safety and Health Review Commission
(OSHRC) - an independent body to hear and settle cases in which
employers contest actions started by OSHA.

3) The National Institute for Occupational Safety and Health
(NIOSH) - within the Department of Health and Human Services - to
conduct research and education, and develop data, criteria and
recommended standards for OSHA.

Under the OSH Act, each state was allowed to promulgate its own
version of the OSHA act, as long as the state’s plan was at least as
strict as the federal standards. If a state exercises its right under the Act
to enact a safety and health plan meeting this criteria, then it becomes
the sole safety and health agency within that jurisdiction. Otherwise,
federal jurisdiction prevails over the state’s employers. Construction in
that state is then subject to inspection by both Federal and State safety
inspection agencies.

In administrating the OSH Act, OSHA performs four main functions;

these are:

1) To set standards;

2) To conduct work place inspections;

3) To issue citations to employers, who violate the standards, sometimes
assessing fines; and ,

4) To offer employers assistance in reducing the work place hazards.

OSHA conducts numerous inspections each year, while the states and
territories operating their own job safety and health programs conduct
many additional visits. However, there are more than five million work
places covered by the OSH Act. Recognizing that OSHA can not
possibly reach all these work places, a system of inspection priorities
has been established. The idea behind this system is to focus the
agency’s limited resources on work places that present the greatest
hazards to employee health and safety.
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Inspection Priorities

Imminent Danger

Catastrophies and
Fatalities

Eniployee Complaints

Special Inspection
Programs

Programmed
Inspections

Compliance
Officer’s
Role

Violations

De Minimis

OSHA'’s order of inspection priorities are as follows (3):

1) Imminent danger is top priority, and represents a condition where
there is reasonable certainty that a danger exists and can be expected to
cause death or serious physical harm immediately. If not corrected, the
situation would most likely result in an accident causing severe or
permanently disabling injury.

2) Catastrophes and fatalities is represented by accidents and fatalities
resulting in the hospitalization of five or more employees. Such
occurrences must be reported to OSHA within 8 hours. Investigations
are made to determine if OSHA standards were violated and to avoid
recurrence of similar accidents.

3) Employee complaints are based on alleged violations of standards.
The Act gives each employee the right to request an OSHA inspection
if he or she feels there is an imminent danger from a hazard, or there
is a violation of an OSHA standard. The identity of the complainant
can be kept confidential, if requested.

4) Special inspection programs target specific hazards and specific
industries for which problems are perceived. Recent examples have
included trenching operations, and chemical plants producing hazardous
chemicals.

5) Programmed inspections involve random visits targeted at high-hazard
industries, occupations, or substances. Targeting is based on high
illness or injury incidence rates. Special emphasis may be regional or
national in scope, depending on the distribution of the workplaces
involved.

OSHA inspections are performed by compliance officers. Originally,
it was the intent that all inspections would be conducted without
advance notice to the employer, so the potential for surprise inspection
provided an incentive for all employers to eliminate or reduce hazards.
However, it has turned out that according to the Fourth Amendment, the
employer may request a warrant before the start of the inspection (4).
Once on site, the function of the compliance officer is to identify and
measure conditions and/or acts which are considered unsafe and in
violation of OSHA safety and health regulations. In the pursuit of his
duties, he may go wherever he wishes on the project. He may take
samples or measurements. He can request copies of literature,
documents or contracts which relate to safety or industrial hygiene. The
compliance officer may consult with employees regarding matters of
safety and health to the extent necessary for the conduct of an effective
and thorough inspection.

A citation is issued by the compliance officer when violations of OSHA
standards are observed. The OSH Act provides the basis for
determining six classifications of violations:

1) De Minimis violations are those that have no direct or immediate
relationship to job safety and health (e.g. not posting the phone number
of the "nearest medical facility").



Other than
Serious

Serious

Willful

Repeated
Imminent

Danger

Criminal
Prosecution

OSHA'’s Training -

and Education
Programs

2) Other than serious violations may have a direct relationship to job
safety and health but probably would not cause death or serious
physical harm (e.g. a tripping hazard not leading to a serious fall).

3) Serious violations would be related to situations where death or
serious physical harm could result, and the employer knew, or should
have known, of the existence of the hazard (e.g. missing guard rails on
elevated platforms).

4) Willful violations involve cases where there is evidence that the
employer was aware that a hazardous condition existed, yet made no
reasonable effort to eliminate it (e.g. ignoring warnings of employees,
safety inspectors, etc. regarding an existing hazard).

5) Repeated violations occur when a previously cited violation is found
to have not been corrected upon reinspection.

6) Imminent danger is a violation where a hazard exists which could
cause death or serious physical harm immediately, or before it can be
eliminated through regular enforcement procedures.  This may
necessitate legal action through federal district court if the employer
fails to correct it without delay.

OSHA is structured to essentially regulate the industry through the threat
of civil penalties. Only when a violation of an OSHA standard causes
an employee’s death is a criminal sanction possible. Since OSHA has
been generally reluctant to bring criminal cases to the courts, individual
state and local prosecutors have become increasingly aggressive in
using general criminal laws (e.g. man slaughter, assault, etc.) to indict
employers for creating unsafe workplace conditions (5).

OSHA indicates that voluntary compliance is preferable to compliance
that has to be forced through citations and penalties. In 1989, 14% of
OSHA'’s $248 million budget was devoted to educating the work force
(3). OSHA'’s Office of Training and Education conducts programs in

the recognition, avoidance, and prevention of unsafe and unhealthful
working conditions (6). Employers and employees can réceive training
at the state and local level. The OSHA Training Institute trains
personnel from OSHA, other federal agencies, and employers and
employees. For further information, contact:

OSHA Training Institute
155 Times Drive

Des Plaines, IL. 60018
(312) 297-4810.



Consultation
Assistance

Regional and
Area Offices

Office of
Construction
and Engineering

Functions

Employers may obtain free consultation assistance under the consultation
program, which is funded by OSHA and conducted by the states. While
the short-term goal is to identify hazards facing employees, the long-
term goal is to provide guidance in establishing, or improving the
company’s safety program. OSHA’s consultation program is
completely separate from its inspection program. No citations or
penalties are issued; however, the participants are obligated to correct
serious job safety and health hazards promptly. The thrust of the
program is to create a work environment which promotes health and
safety, rather than one which must react to crisis situations. For
additional information concemning consultation assistance, including a
directory of OSHA-funded consultation projects, refer to OSHA
publication No. 3047 (7).

Federal (national) OSHA offices are located in the Department of Labor
building in Washington, D.C.. However, OSHA performs its
enforcement activities from regional and area offices throughout the
United States. A list of the 10 Department of Labor Regional Offices
is provided in Table III-1. Note that each region also has a number of
area offices serving as resource centers, as well as administering the
enforcement activities. These are listed in the same table. The status
of the states (and territories) in these regions are also indicated in
Table III-1. Approved Plan States are those which have their own plans
and jurisdictions. The Federal Plan States are those which do not have
approved plans and are directly under OSHA's jurisdiction. Note that
the information provided in Table III-1 on the status of the state (and
territory) plans pertain to 1994. The situation may change in the future.

In recognition of the existence of critical safety and health problems in
the construction industry, OSHA in 1990 established the Office of
Construction and Engineering within the National Office in Washington,
D.C. The mission of this office is "to serve as OSHA’s principal source
on advising Agency components with respect to construction and
engineering activities and issues involved in the overall occupational
safety and health field, and to provide technical assistance and support
to all other National Office and regional organizations of the Agency
with regard to construction activities” (8). Composed of Engineering
and Construction branches, the Office serves the following functions:

1) Acting as technical construction advisor to the Assistant Secretary
on the impact of policy, technical, and field questions with regard to the
construction industry; .

2) Providing construction safety responses to evaluate serious and/or
unusual problems and provides technical assistance to the Agency in
emergency situations;

3) Coordinating the activities of the Office with other National Office
Directories and Offices;

4) At the request of a region, participating in providing technical

m-7



Table II-I
OSHA Federal, Regional and Area Offices & Status of State Plans (1994)

OSHA (National Office)
U.S. Dept. of Labor
Occupational Safety & Health Administration
200 Constitutional Avenue - Washington, D.C. 20210
(202) 523-8271 or (202) 523-8151
State Plan  Federal Plan

OSHA Region I

1 Dock Square Bldg.4th flr.
16-18 North St.

Boston, MA 02109

(617) 565-7164

MA
ME

2859

Area Offices: Boston, MA; Concord, NH; Providence, RI; Springfield, MA; Augusta, ME;
Hartford, CT.

OSHA Region IT

1515 Broadway, Rm 3445
New York, NY 10036
(212) 337-2378

NJ

<37

Area Offices: Manhattan, NY; Long Island, NY; Queens, NY; Albany, NY; Syracuse, NY;
Buffalo, NY; Puerto Rico, PR; Hasbrouck Heights, NJ; Avenel ,NJ; Dover, NJ;

Camden, NJ.
OSHA Region III MD DC
Gateway Building, Suite 2100 VA DE
3535 Market St., PA
Philadelphia, PA 19104 wv

(215) 596-1201

Area Offices: Philadelphia, PA; Wilmington, DE; Wilkes-Barre, PA; Allentown, PA; Pittsburgh, PA;
Erie, PA; Baltimore, MD; Charleston, WV; Harrisburg, PA; Richmond, VA.

OSHA Region IV KY AL
1374 Peachtree St., N.E. Suite 587 SC FL
Atlanta, GA 30367 N GA
(404) 347-3573 MS

NC

Area Offices: Atlanta, GA; Columbia, SC; Savannah, GA; Birmingham, AL; Fort Lauderdale, FL;
Jacksonville, FL; Tampa, FL; Jackson, MS; Mobile, AL; Nashville, TN; Frankfort, KY;
Raleigh, NC.
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Table II-1. (Continued)
: State Plan Federal Plan

OSHA Region V. IN IL
32nd Floor, Rm. 3244 Ml OH
230 South Dearborn St. MN WI

Chicago, IL 60604
(312) 353-2220

Area Offices: Calumet, IL; Niles, IL; Aurora, IL; Cincinnati, OH; Cleveland, OH;
Columbus, OH; Indianapolis, IN; Toledo, OH; Appleton, WI;
Eau Claire, WI; Milwaukee, WI; Madison, WI; Minneapolis, MN;
Peoria, IL; Belleville, IL; Detroit, MI.

OSHA Region VI NM AR
525 Griffin Sq. Bldg., Rm. 602 LA
Dallas, Tx 75202 OK
(214) 767-4731 o . X

Area Offices: Dallas, TX; Albuquerque, NM; Corpus Christi, TX; Houston, TX;
Little Rock, AR; Austin, TX; Baton Rouge, LA; Lubbock, TX;
Oklahoma City, OK.

OSHA Region VII 1A -KS
911 Walnut St., Rm 406 MO

Kansas City, MO 64106 NE-

(816) 426-5861

Area Offices: Kansas City, MO; Des Moines, IA; Omgha, NE; St. Louis, MO; Wichita, KS.

OSHA Region VIII uT Cco
Federal Building, Rm 1576 wY MT
1961 Stout St., ND
Denver, CO 80204 SD

(303) 844-3061 ‘
Area Offices: Billings, MT; Bismarck, ND; Denver, CO; Salt Lake City, UT.

OSHA Region IX AZ American-Samoa
450 Golden Gate Ave., Box 36017 CA Guam

San Francisco, Ca 94102 HI Trust Territories
(415) 744-6670 NV of the Pacific

Area Offices: Berkeley, CA; Long Beach, CA; Phoenix, AZ; Honolulu, HI; Las Vegas, NV.

OSHA Region X AK " ID
Federal Office Bldg., Rm 6003 OR
909 First Ave. WA

Seattle, WA 98101-3212
(206) 553-5930 ‘
Area Offices: Anchorage, AK; Bellevue, WA; Boise, ID; Portland, OR.



Staff

OSHRC

NIOSH

Main Functions

assistance to State government agencies;

S) Keeping abreast of changes in developments in the construction
industry to execute construction and overall occupational safety and
health engineering feasibility programs;

6) Coordinating Agency interaction with the Advisory Committee on
construction safety and health and its working groups; and

7) Providing a variety of technical information to the OSHA Training

Institute regarding training activities and courses in the construction
field.

The Office of Construction and Engineering is staffed with civil,
structural and geotechnical engineers, and construction safety specialists
who perform accident and construction failure investigations, provide
technical support to regional-offices, offer technical expertise in the
development of safety standards, and participate in the development and
delivery of OSHA training programs.

The Occupational Safety and Health Review Commission (OSHRC) is
a quasi judicial board of 3 members appointed by the President and
confirmed by the U.S. Senate. It has a corps of administrative law
judges based in field offices located in regional offices in Atlanta,
Boston, Dallas, Denver, and Washington D.C. If an employer inspected
by OSHA receives a citation or a penalty with which he does not
agree, he has 15 working days to inform OSHA in writing that he is
contesting the citation or penalty. The case then is handled by
OSHRC, through an administrative law judge. Based on its findings,
the Commission may agree with, modify, or overrule OSHA'’s findings.
A publication titled Occupational Safety and Health Reporter published
by Bureau of National Affairs provides the full text of court decisions
on occupational safety and health and of decisions of the OSHRC, and
digests of Review Commission judges’ reports that become the final
orders of the Commission. The address and telephone number for this
body is:

Occupational Safety and Health Review Commission
1625 K Street

Washington, D.C. 20006

(202) 634-7960.

The OSH Act established the National Institute for Occupational Safety

and Health (NIOSH) to provide services in research, training, and

technical assistance for occupational safety and health. The four main

functions of NIOSH are:

1) To develop criteria for recommended standards for job safety and
health;

2) To conduct research experiments and surveys on various issues
related to job safety and health, including psychological factors;

3) To provide technical assistance; and
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Additional

. Functions

Personnel

Organization

Databases and
Grant Programs

Project SHAPE

4) To conduct education and training programs for professxonal
personnel who carry out OSH Act functions.

NIOSH also recommends limits for exposure to known dangerous
substances. Employers and employees can obtain technical assistance
from NIOSH on services such as evaluation of hazards determined from
on-site tests; work place health and safety conditions and preventive
measure information; accident prevention; industrial hygiene (health);
and medical services.

To address health and safety problems of American workers, NIOSH
employs scientists, physicians, nurses, engineers with various
specialities, chemists, physicists, industrial hygienists, epidemiologists,
toxicologists, behavioral scientists, ergonomists, physiologists,
psychologists, and sociologists, as well as statisticians, . educational
specialists, and writers.

Since 1973, NIOSH is a part of the Centers for Disease Control and
Prevention (CDC) which is the U.S. Public Health Service (PHS)
agency for promoting heaith and preventing disease. NIOSH has
offices in four locations: headquarters in Washington, D.C.; staff offices
at the CDC facility in Atlanta; and major laboratories in Morgantown,
West Virginia and Cincinnati, Ohio. NIOSH staff are also assigned to
PHS regional offices in Atlanta, Boston and Denver. An organizational
chart for NIOSH is provided in Figure III-1.

NIOSH maintains extensive databases of occupational safety and health
information from around the world. NIOSHTIC is a computerized
bibliographic database which contains over 120,000 citations with
abstracts. Through a training grant program, NIOSH provides support
to fourteen Educational Resource Centers (ERCs) and thirty Training
Project Grantees located within colleges, universities and other
institutions throughout the United States. These grantees offer academic
and continuing education programs, perform research, and provide
outreach efforts to industry, state health departments, and professional
organizations and labor groups. NIOSH also offers direct short courses
in the occupational safety and health field. For further information
contact:

Registrar

NIOSH

4676 Columbia Parkway
Cincinnati, Ohio 45226 - 1998
(513) 533-8222. ,

A NIOSH initiative concerning engineering education is the Safety and
Health Awareness for Preventive Engineering (SHAPE) project, which
is the source of support behind the preparation of this instructional
module on construction safety and health.
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NIOSH Headgquarters

Bldg. 1, Rm. 3007 NIOSH Washington Office
Centers for Disease Control 200 Independence Ave.S.W
and Prevention, 1600 Clifton — Washington, D.C. 20201
Rd. Atlanta, GA 30333 (202) 472-7134

(404) 639-3061

i
—Appalachian Laboratories-
944 Chestnut Ridge Rd. Morgantown, WY 26505-2888

Div. of Respiratory
Disease Studies
Studies of occupational
respiratory diseases;

Div. of Safety Research
Respirator certifications;
Surveillance and studies to
reduce musculoskeletal and

mandated medical
examination of coal
miners (304) 291-4474

traumatic work-realted
injuries and death
(304) 284-5700

Cincinnati Laboratories
676 Columbia Pkw Cincinnati, OH 45226-1998-1

Robert A. Taft Laboratories

Div. of Biomedical &
Behavorial Science
Laboratory and work site
studies on toxicolegy,
ergonomics, stress, and
effects of physical agents
(513) 533-8465

Div. of Standards Develop.
& Technology Transfer
NIOSH scientific policy
development; clearinghouse
of technical information on
occupational safety

and health (513) 533-8302

Div. of Training & Manpower
Development, Training and
education programs for OH&S
personnel (513) S533-8821

Figure III-1. Organization of NIOSH

Alice Hamilton Laboratories

Div. of Physical Sciences &
Engineering .

Analytic support for
research methods/equipment
to control and measure
occupational health hazards
(513) 841-4321

Div. of Surveillance,Hazard
Evaluations & Field Studies
Surveillance and industry-
wide studies; health hazard
evaluations and technical
assistance on reguest

(513) 841-4428
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OTHER
ORGANIZATIONS

Private Agencies

PRESENT STATUS
OF SAFETY AND
HEALTH
LEGISLATION

Elements of
the New Bill

Project SHAPE encourages improvements in engineering practice,
education and research through specific curriculum development efforts
addressing the integration of occupational safety and health concepts in
appropriate engineering design and professional courses. The primary
audience is undergraduate engineering students. If engineering
graduates receive basic knowledge in the occupational safety and health
field, it is expected that they will have a direct long-term impact on the
elimination of related problems in the workplace.

Besides OSHA (federal and state)) OSHRC and NIOSH, there are
numerous other organizations in the U.S, and abroad which directly or
indirectly deal with construction safety and health. A majority of these
are professional, industry or trade organizations representing the
interests of their constituencies. A few are based in universities; and
some are government or quasi-government agencies. A selective list of
such organizations is presented in Table III-2. These organizations
engage in a variety of activities, which include development of
standards; research; development and distribution of printed and
audio/visual resource materials; organization of committees, meetings,
seminars and symposia; training programs; management of data bases;
and technical assistance. Obviously, not all of these organizations deal
with all aspects of construction safety and health.

There are also many private firms and industry groups which offer
consultation services including training, or market safety equipment and
related materials. In addition, insurance ‘companies can offer excellent
resources to assist their clients in safety and health related matters.

Two separate bills have been recently introduced in U.S. Congress;
one focusing on the specific needs of workers in the construction
industry, and another, a more comprehensive piece of legislation
applicable to industry as a whole (including construction). First, the
Construction Safety, Health and Education Bill was introduced in 1987,
it has since been the subject of several hearings and substantial
revisions. Second, the Comprehensive OSHA Reform Bill was
introduced during 1991; it has also been the subject of several hearings.
The two bills were later combined in the Senate. They have also been
recently combined in both chambers of the Congress - H.R. 1280 and
8.575.

The current Construction Safety and Health Bill (Title XII of H.R. 1280

and S.575) contains five major elements (9). They are:

1) A required system of coordinated safety management and oversight
on multi-employer construction projects;

2) Minimum requirements for contractor safety and health programs;

3) A direction for the establishment by OSHA of an effective system
for targeting construction workplace inspections based on timely and
accurate information;
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Table III-2
‘Various Organizations Dealing with Construction Safety and Health

American Society of Safety Engi ASS
1800 £ Oakton Street gineers (ASSE)
Des Plaines, IL 60018-2187

National Safety Council (NS
444 Michi antyAvenuc WSO
Chicago, IL 66601

American National Standards Institute (ANSI)
1430 Broadw:
New York, N.Y. 10018

National Institute for Standards

and Technology (NIST)-

formerly National Bureau of Standards)
uilding Research, Rm B 216

Gaithersburg, MD 20899

American’ Bllﬂdil'lg Contractors, Inc. (ABC)
729 15th Street, N.W.
Washington, D.C.

ﬁocum}n Gc?zxalc) Contractors of
erica, Inc.

1957 E. Street, N.W.

Washington, D.C. 20006

National Constructors Association (NCA)
1101 15th Street, N.W.

Suite 1000

Washington, D.C. 20005

Business Round Table
1615 L Street, N.W. Suite 1100
Washington, D.C. 20036

Construction Industry Institute

The University of Texas at Aus(t(i:nm
3208 Red River, Suite 300

Austin, TX 78705-2605

Building and Construction Trades Dept.

815 16th Street
Washington, D.C. 20006

Bureau of National Affairs (BNA)
1231 25th Street, N.W,
Washington, D.C.

Axgerican Society of Civil Engineers

45 East 47th Street
New York, NY 10017-2398

American Concrete Institute (ACI)
Box 19150/Redford Station

22400 West 7 Mile Road

Detroit, MI 48219

American Institute of Architects (AIA)
1735 New York Avenue, N.W.
Washington, D.C. 20006

American Soc_iﬁ%for Testing and
Materials (AS

1916 Race Strest

Philadelphia, PA 19103

National Socieg' of Professional
Engi.nee_n (NSPE)
1420 King Strest
Alexandria, VA 22314

U.S. Environmental Protection Agency
Waterside Mall

401 M. Street, S.W.

Washington, D.C. 20460

(708) 6924121
E3 12; 527-4800
800) 621-7619

(212) 6424948

(201) 975-5900
(202) 637-8800
(202) 393-2040
(202) 223-1510

(202) 872-1260

(512) 4714319

' (202) 347-1416

(800) 452-7773

(212) 705-7496

(313) 532-2600

(202) 626-7300

(215) 299-5400

(703) 684-2300

(202) 382-2090
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Table III-2 (Continued)

American Insurance Service Group, Inc.
AISG

S John S
New York, NY 10038

Center for Excellence in Construction Safety
CECS

est Virginia Universi
Extension Service i
P.O. Box 6031
Morgantown, WV 26506

Org.anmmon SO
305 East Market Ws0)
P.O. Box 518

Warrensburg, MO 64093

[nnemauonal Loss Control Inst. (ILCI)
P.O. Box 3
Loganville, GA 30249 .

Construction Safety Association of
Ontario (CSAO)

74 Victoria Street

Toronto, Ontario MSC2AS, CANADA

Health and Safety Execuuve (HS
Headquarters, Health & Safety CP
B ards House

epstow Place, Westbourne Grove
London W2 4TF, UK.

ican Cons! tln{vEn”gineexs Council
1015 lSth S N.W, #802
ashington, D.C. 20005

American Council for Construction Education
901 Hudson Lane
Munroe, LA 70201

American Institute of Steel Construction
400 N.Michi Avenue
Chicago, IL 60611-4185"

?olgincan Slslbconmtor s Association
Alexandria, VA 22314

Association of Federal Safety & Health
Professionals

7549 Wilhelm Drive

Lanham, MD 20706-3737

Associated Specialty Contractors
7315 Wisconsin Avenue
Bethesda, MD 20814

Construction Industry & Manufacturers
iation

111 E. Wisconsin Avenue

Milwaukee, W1 53202

%nsu'ucnon Management Association of

erica
12355 Sunnse Valley Drive Suite # 640
Reston, VA 22091

Construction S cxﬁcanon Institute
601 Madison

Alexandria, VA 223144791

National Erectors
1505 Lee %m Smtc # 202
Inmmoml Brotherhood of Electrical

1158 15th S
Washington, D D oo0s

(212) 669-0400

(304) 293-6142

(816) 747-3132

(415) 366-1501

(071) 243-6000

(202) 347-7474
318) 3232413
(312) 670-2400
(703) 684-3450

(301) 552-2104

(301) 657-3110

(414) 272-0943
(703) 391-1200

(703) 684-0300

(703) 524-3336

(202) 728-6137 -
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4) Development of a cadre of OSHA compliance officers with

experience in the construction industry and special training in
construction safety and health; and

5) Establishment at OSHA headquarters of a new Office of

Construction Safety, Health and Education, and the position of a
Deputy Assistant Secretary for Construction to assure the existence
of a coherent safety program for owners. This office would also deal
with role definitions of safety responsibilities in the construction
industry, and proper coordination among the Agency’s offices and
directorates and the Advisory Committee on Construction Safety .
and Health.

Of these five major elements, the first is probably the most significant
because it represents a new.legislative approach... ..

REVIEW QUESTIONS

L.

What is the significance of the Pittsburgh study in the historical
development of safety and health legislation in the United States?

What were the basis and rationale for the OSH Act of 1970? What
are the main provisions of the Act?

. Describe the roles of OSHA, OSHRC, NIOSH and the states in

dealing with the occupational safety and heaith problems in the U.S.

What are OSHA’s inspection priorities? What types of violations
of the OSH Act are considered by the compliance officers in OSHA
inspections of construction projects?

What are the main functions of OSHA’s new Office of Construction
and Engineering?

Briefly describe NIOSH databases and grant programs. What are the
objectives of the SHAPE project?

. Name some important national and international professional and

trade organizations which can serve as valuable resources to the civil
engineer in safety and health related matters.

Describe the legislative trends in construction safety and health.
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UNIT IV

ACCIDENT INVESTIGATION AND ANALYSIS, AND INJURY CONTROL

PURPOSE

OBJECTIVES

KEY TERMS

FUNDAMENTALS

To summarize the principles governing accident investigation and
analysis, and the identification, prevention and control of the hazards
causing construction accidents and injuries.

To familiarize the civil engineering student with:

1. Definitions of accident, hazard, risk, safety, and safety engineering
2, Causes of accidents in terms of unsafe acts and unsafe conditions
3. Accident/injury causation theories

4. Accident investigation, reporting and record keeping

5. Accident/injury prevention and hazard control.

Accident; hazard; risk; safety; safety engineering; unsafe acts; unsafe
conditions; domino theory; behavioral models; management models;

- epidemiology; ergonomics; systems safety; fault tree analysis; energy

theory; multiple factor theories; accident investigation; accident report;
record keeping; injury prevention; hazard control; agent; vector; host;
hierarchy of controls; barriers.
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UNIT IV

ACCIDENT INVESTIGATION AND ANALYSIS, AND INJURY CONTROL

DEFINITION
OF
ACCIDENT

SAFETY ENGINEERING

CAUSES OF ACCIDENTS

FUNDAMENTALS

The dictionary defines an accident as "a happening or event that is
not expected, foreseen or intended". In terms of its effects, it can also
be defined as "an unexpected, unforeseen or unintended event which has
a probability of causing personal injury or property damage." For the
construction industry, an accident may be defined as "any event which
interrupts the work process, caused by a combination of human,
situational or environmental factors , which may result in personal
injury, death, property damage, and other undesirable events". It should
be noted that the use of the term accident in this module does not
imply that construction accidents are unforeseen and unpredictable;
neither does it imply a "no-fault" situation.

Other terms related to accidents include hazard, risk, safety, and
safety engineering. According to Brauer (1), a hazard is "a
condition with the potential of causing or contributing to an accident or
illness." Risk is "a measure of both the likelihood and the
consequences of all hazards of an activity or condition”. Safety is "the
state of being relatively free from harm, danger, injury or damage”.
Safety engineering is “the application of engineering principles to the
recognition and control of hazards".

All accidents, injuries and illnesses can be attributed to one or more
identifiable causes. Chance may play a role in bringing the causes
together. It is generally agreed that accidents are caused by unsafe acts
or unsafe conditions, or a combination of unsafe acts and unsafe
conditions. Heinrich in the 1920’s studied 75,000 accidents and
established his well-known 88:10:2 ratio. He suggested that 88 percent
of the accidents were caused by unsafe acts, 10 percent from unsafe
conditions, and 2 percent were unpreventable (acts of God). Later
studies, however, indicated that most accidents can be characterized as
having resulted from a combination of unsafe acts and unsafe conditions
(2). This is shown in Table IV-1.

Table IV-1 ,
Estimated Percentages of Accidents Due to Unsafe Acts versus
Unsafe ‘Conditions (2)

¥ due to % due to ¥ due to ¥
Study unsafe acts unsafe cond. combination unknown
FULN188..cccccenoncvsnan - 16 84 -
Pennsylvania Dept. of
LADOX . cscvecneracananssn 2 3 95 -
National Safety Council. 19 - 18 63 -
Mintz and Blum.......... 21 - 79 -
Hagglund®*............... 26 58 2 13
Hagglund®.......ccc0enee 3s 54 4 7
Heinrich®.........cie0ee 88 10 - -

a Investigations of r rted fatalities.
b Random sample of accident reports.
¢ Henrich classified 2 percent as “unpreventable®.
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Unsafe Acts and
Conditions

Unsafe Acts
in Construction

Unsafe Conditions
in Construction

Engineers’ Role

ACCIDENT
THEORIES

Dominoe Theory

For a given activity or project it is possible to identify the probable

unsafe acts and unsafe conditions. Some of the unsafe acts in a

construction environment are:

. Operating tools and equipment without authority;

. Using improper/defective/hazardous tools, equipment, materials, or
vehicles; '

. Using tools, equipment, materials or vehicles in an unsafe fashion (not
following safe procedures);

. Failure to use personal protective equipment (PPE) and other
gear provided to perform the job safely;

. Making safety devices inoperative;

. Failure to keep wamning signs and labels;

. Unsafe positioning, loading, placing, mixing, lifting and carrying;

. Poor housekeeping; .-

. Poor attitude (distraction, teasing, horseplay, substance abuse, etc.);

Among the unsafe conditions which might exist in a construction

environment, one can list:

. Presence of unguarded, improperly or inadequately guarded, or
otherwise defective tools, equipment and materials;

. Poorly arranged site, materials and equipment;

. Improper dress;

. Improper ventilation and/or illumination;

. Unsafe design and construction;

. Lack of adequate training;

. Physiological or psychological limitations of the employees;

. Weather extremes (hot, cold, windy, wet, etc.);

. Lack of effective safety management efforts and programs; and

. Failure to provide personal protective and other equipment to perform
work safely.

It should be clear that both unsafe acts and unsafe conditions usually
contribute to the occurrence of accidents. Engineers have many
opportunities to eliminate or minimize the unsafe acts and conditions
through their role in design, management and training.

There are several theories about accidents providing insight into causal
factors and preventive actions. Naturally, none of these theories are
entirely adequate in covering all pertinent factors contributing to the
occurrence of accidents or predicting their likelihood. Depending on
the point of view, some may appear more plausible than others.

An early theory for accident/injury causation was Heinrich’s domino
theory, which models an accident as a series of factors built like
dominos as shown in Figure IV-1. The idea here was that any one
domino can knock others over, culminating in injury. According to this
theory:

1) Injuries are caused by accidents;



2) Accidents are caused by unsafe acts and unsafe conditions;
3) Unsafe acts are caused by faults of persons; and

4) Faults of persons are created by the social environment, or acquired -’
" through inheritance.

SOCIAL FAULT UNSAFE ACTS

ENVIRONMENTAL —» OF —» & — ACCIDENT —» INJURY
AND PERSON CONDITIONS
ANCESTARY

\/

MISTARES OF PEOPLE

Figure IV-1. Heinrich’s Domino Theory (2)

Person Based The most important domino in this approach is the one which relates to
Approach unsafe acts and conditions (but particularly to unsafe acts) which results
from person-based factors. It should be noted that the Domino theory
has lost its popularity with the advent of the newer, more complex -’
accident/injury causation models.

Behavioral Many safety specialists have emphasized the behavioral side of

Models accident/injury causation, referring to the "accident proneness" of
certain individuals (3). Efforts were made to identify such workers and
either release them or not hire them in the first place. In later studies
however, it was to reliably predict which workers are really injury
prone. Yet, the belief still holds in many circles.

Motivational Other behavioral models have considered motivational factors and
Factors rewards for safety. However, there is some controversy over whether
workers perceive positive rewards for working safely (4).

Attitude According to Ferry (5), most unsafe acts can be attributed to the
worker’s attitude and to lack of knowledge or skill. Even after training
to correct skill deficiencies, there is still the matter of attitude. Based on
worker behavior, it may be possible to list several characteristics of
poor attitude. These are:

Characteristics . Poor work habits
of Poor Attitude . Indifference
. Daring acts
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Factors Causing
Management Failure
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Models

. Laziness

. Haste

. Temper

. Following poor examples
. Perfectionism

. Boredom

« Self-destructive action
. Peer-destructive action
. Superiority

. Inferiority, and

. Paranoia. -

These models utilize a modified version of the domino theory, shifting

the emphasis from  the worker as the cause of the injuries to the

management system in which the worker exists (6). The domino effects

in this case are as follows:

1) Injuries are caused by accidents.

2) For each accident, there are immediate causes that are symptomatic
of problems in the overall system.

3) There are basic causes in the overall management of the system that
produce the immediate causes of the accident.

4) The lack of management control permits the basic causes of
accidents to exist in the system. ‘

Ferry (5) has listed the following basic mishap causal factors traceable
to management failure:

. Poor housekeeping

. Improper use of tools, equipment, and facilities -

. Unsafe or defective equipment and facilities

. Lack of proper procedures

. Unsafe improvised procedures

. Failure to follow prescribed procedures

. Job not understood

. Lack of awareness of hazards involved

. Lack of proper tools, equipment, and facilities

. Lack of guards and safety devices

. Lack of protective clothing and equipment

. Exceeding prescribed limits, loads, speed, strength, and so on
. Inattention, neglect of safe practices

. Fatigue and reduced alertness

. Misconduct, poor attitude.

Epidemiology is the science which deals with the search for causal
association between diseases or other biological processes and specific
environmental experiences or exposures. The epidemiologic model
applied to injury research seeks to explain the occurrence of injuries
within the system of host (injured victim), agent (means of injury) and
environment (physical, psychological, and social factors related to the
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Common Features
of Accidents

Ergonomic Models

Focus on
Task Design

Systems Safety
Models

event). This model recognizes the interactive nature of the injury
process and requires a large amount of information to be collected on
the host, the agent, the environment, and the interactions between these

).

Using such a model, it should be possible to identify features common
to a set of injuries and accidents, and identify causes. This approach is
better than looking at each accident independently. Through this
approach of collective study, it may be possible, for instance, to
associate a group of accidents with a company’s particular processes or
products.

Neither workers, nor machines, nor workplaces exist apart from each
other. To accomplish work all must come together, and injuries and
illnesses sometimes result from their interactions. The study of these
interactions is called "ergonomics", or "human factors engineering".
This discipline is an applied science concerned with the design of
facilities, equipment, tools, and tasks that are compatible with the
anatomical, physiological, biochemical, perceptual, and behavioral
characteristics of humans. The principle behind ergonomics design is
that the machine should fit the worker rather than forcing the worker to
fit the machine. The objective is safety, effectiveness, and efficiency
wherever people are part of a system.

The injury causation models developed by ergonomists attempt to
provide insights into problems of "unsafe acts" or human error, which
are lacking in other models. Rather than viewing operators’ errors as
merely "unsafe acts” that can only be addressed through training and
motivation, the ergonomics approach looks carefuily at the machine
features, or the design of the work, to see if they contributed to the
workers errors (2). In addition, ergonomists analyze the physical
capacities of workers, such as lifting or reaching ability, to determine
whether the task places undue stress on specified parts of the body, or
leads to excessive fatigue. The focus then is on designing the work
task, rather than installing machinery, and letting the worker find a way
to adapt. The principal shortcoming of the ergonomic model is the
absence of any analysis of hardware failures beyond the human/machine
interface.

The system safety models have been extensively used to analyze failures
in systems hardware and equipment. They focus on the human element
to a lesser degree. These models utilize a "network" of components
attempting to identify the critical system/subsystem components,
progressive failure modes and probabilities of failure.  Several
techniques may be used in systems safety analysis (5). These include
failure mode and effect analysis (FMEA), technique for human error
rate prediction (THERP), and fault tree analysis (FTA).
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Fault Tree
Analysis

Use of Computers

Energy Theory

The widely used fault-tree analysis is based on a symbolic logic diagram
that shows the cause-and-effect relationships between an undesirable

, event and one or more contributing causes. Beginning with a mishap

or failure (top event) the contributory events are traced backward in a
tree-like network until completely independent events (causal factors)
are reached. A conceptual fault tree diagram illustrating the
contributions of the man, machine, environmental and management
factors to a mishap is presented in Figure IV-2 (5).

l i |

l 1
Machine

Man tactors

factors

r 1 1
Environmentsl Management Environmental Management
factors factors factors factors

Figure IV-2. Conceptual Fault Tree Diagram (5)

Computers, with the right software, make it possible to process large
amounts of information by the various techniques of systems safety
analysis. A detailed coverage of the techniques and software are
outside the scope of this module. Excellent information on related
topics can be found in references (1), (5), and (6).

Haddon (8) proposed the idea that many accidents and injuries involve
the transfer, or release, of energy which must be controlled for the
prevention of mishaps. This theory suggests that quantities of energy,
means of energy transfer and rates of transfer are related to the kind and
severity of injuries. Depending on the case, safety engineers can focus

Iv-7



on:
Types of Energy . Mechanical energy (structural loads, noise and vibration, friction,
tools and machines, fluid pressure, motor vehicles); e
. Electrical energy (power shock, heat, arcing);
. Thermal energy (fire, heat and cold, expansion, explosion);
. Chemical energy (hazardous materials, gases, fumes); and
. Radiation (ionizing and non-ionizing).
It is also possible to add bio-hazards (bacterial, fungal, parasitic,
rickettsial and viral) to this list.

Multiple Factor In this approach, it is suggested that multiple factors combine in a

Theories random or other fashion to cause accidents and injuries. Multiple factor
theories help identify which characteristics of the considered factors are
involved so that possible critical .combinations can be analyzed by
qualitative and/or quantitative techniques. A specific case of the
mulitiple factor theories is the 4M model (9), referring to MAN,
MACHINE, MEDIA, and MANAGEMENT. These factors can be
described by a set of characteristics. For example, age, height, gender,
skill level, and motivation could be the characteristics associated with
man. Temperature, humidity, and contaminants in air could be the
media characteristics. Machine characteristics could include size, shape,
energy source, and type of motion. Management characteristics might
be management style, organizational structure, communication system,
‘policy and procedures. Each of these factors can be analyzed singly or
in combination to identify the cause of a related accident or injury.

ACCIDENT INJURY The question of what proportion of accidents result in injury has been hd

RELATIONSHIPS addressed by a number of researchers (1). Heinrich’s early studies
yielded a 300:29:1 ratio, indicating that for every group of 330
accidents of the same kind, 300 resuit in no injuries, 29 produce minor
injuries, and 1 results in a major, lost-time injury. Bird and Germain
(10) later reported a ratio of 500:100:1 for property-damage (only)
accidents, minor-injury accidents, and disabling-injury accidents. Other
studies by Fletcher (11) showed a 175:19:1 for no-injury, minor-injury,
and serious-injury accidents. These relationships show that many
accidents do not result in major injury. They further indicate that as the
severity of accidents increases, the frequency of major injury cases

décreases.
ACCIDENT Every accident, including those which do not result in serious injury or
INVESTIGATION property damage, should be investigated. In industrial accidents, this

can be accomplished by the supervisor/foreman, line manager, safety
professional, a special committee, or a consultant (5). The results of
accident investigations should be documented in a report. The
information gathered in this process can be analyzed to:
Purpose of . Identify the principal causes (materials, machines, methods);
Accident Reports . Assess the degree of damage and the value of losses;
» . Reveal the size of the accident problem relative to different
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Accident Investigations
Leading to Preventive
Measures

Record Keeping

OSHA Accident
Reporting Forms

Company Accident
Investigation Forms-

departments of a company and among various occupations;

. Indicate the possible need for engineering revision by identifying
unsafe equipment and materials;

. Disclose inefficiencies in operating processes and procedures;

. Reveal unsafe practices which call for employee training;

. Reveal improper placement of personnel,

. Provide supervisors with essential and timely information about
accidents; and

. Permit an objective evaluation of the progress of a particular safety
program adopted by the company.

Accident investigations also produce data serving as legal or liability

evidence to be used in the event of insurance claims or lawsuits.

The injury causation models previously described can be used as bases
for accident investigation and analysis. Accident investigation and
analysis, used as a preventive measure for future accidents, aims at
producing complete, meaningful and specific information about the
causes. Merely obtaining the information will not prevent the
recurrence of accidents. Appropriate action must be taken to correct
deficiencies and to provide the necessary training.  Accident
investigations must be "fact finding" rather than "fault finding".
Fairness and impartiality are essential.

A good record-keeping system is essential to the success of an accident
investigation. Keeping records and reporting of work-related accidents
are required by law. OSHA requires that each employer having eleven
or more employees must maintain a log of recordable occupational
injuries and illnesses and an annual summary by calendar year. In
addition, a more detailed supplementary record must be made of each
recordable occupational injury or illness. Recordable cases include
every occupational death, occupational illness and occupational injury
involving loss of consciousness, restriction of work or motion, transfer
to another job, or medical treatment (which does not include first aid).
Figure IV-3 shows a decision chart for determining whether a case is
recordable.

Samples of the OSHA 200 form (Log and Summary of Occupational
Injuries and Illnesses) and the OSHA 101 form (Supplemental Record
of Occupational Injuries and Illnesses) are presented in Figure IV-4 and
Figure IV-5, respectively. Such records must be available for
inspection and submitted to the Bureau of Labor Statistics upon request.
If an employee is killed on the job, or if five or more employees are
hospitalized or killed in an accident, the employer must report the
accident to OSHA within 8 hours. These records must be maintained
for a period of not less than five years following the end of the year to
which they relate. ‘

Note that the OSHA 101 form essentially represents an individual
accident report. However, some companies prefer to generate more
detailed reports of their accident investigations.
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Event or exposure
resulting in
injury or illness

on Off
employer’s employer’s
premises premises
|
| | | |
Employee Employee present . Employee in Employee
engaged in at the location as travel status engaged in
work-related a condition and engaged in activity for
activity of employment work or travel own personal
function . use or
enjoyment
| |
Presumed Not
work work
related related
' If a case is work related, and
|
I I
Regsults from a work Does not result
accident or from an from a work accident
exposure in the or from an exposure
work environment in the work
and is environment
I !
!
IA deat:h' |An :Lllnessl An injury which
inveolves
I
| | i | I
Medical Loss Restriction Transfer None
treatment of of work to of
(other than conscious- or motion another these
first aid) ness job
| | | | | I |
Then case Then case
must be ’ is not
recorded to be
recorded

Figure IV-3. Guide to recordability of cases under the Occupational Safety and Health Act
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Bureau of Labor Statistics
Log and Summary of Occupational
injuries and liinesses
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Figure IV-4. OSHA No. 200 Form: Annual Summary of Occupational Injuries and Illnesses
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Bureau of Labor Statistics U.S. Department of Labor
Supplementary Record of (4))

- Occupational Injuries and linesses
This form is required by Public Law 91-596 and must be kept in the mblnﬂ\m-m far 5 years. | Case or Fiie No. . Form Aopraved
Failure to maintain can result in the i of citations and of ' O.M.B No. 1220-0029
Employer *
' 1. Name See OMB Disclosure

Statement on reverse
2. Masii acdress (No. and street, city or town, Swate, and Zip codel}

3. Location, if different from mail aodress

Injured or ili Empioyes
4. Namae (Firse, middie, snd Iset} Sociat Security Na.

S. Home address {No. and street, city or town, State, and 2ip codel

6. A 7. :
Q08 Sex: (Check onel Male D Female G
8. Occupation (Encer reguisr job title, nac the ifie jvity he was perfommning at time of injury.)
9. Ospartment [Enter name of department or division in which the injured is reg ¥ yed, sven though he may have been wnporsrily

working in snother department at the time of injury.)

The A orE e to O¢ ional Iliness
If accident or expasure occurred on 'S B give of plant or tin which it occurred. Do not ingicate deparimant or
division within the plant or asthlishment. 1f accident occurrod cutside empicyer’'s premises at an identifiable address, give that address. If it occurred on
3 oublic highway or at any other place which ¢annot be identified by number and street. please ide Diace ref t ing the place of injury as

accurately as possidle.
10. Placa of accident or sxpusure (No. and street, city or town, Stacs, snd 2ip code)

W f acci ver ceme?

11.Was olace o or on s Yt D NoD

12.What was the empicyee doing when injurea? (8e specific. 1f he was using toois or equipment or handiing materisi, name them snd t=il what he wes
doing with them,)

13. How did the u::tdcm oceur? roumo- fully the svents which resuited in the injury or occupationasl iiiness. Tell what happened snd how it happened.

Narne any objt b and tell how they were invoived. Give full detsiis on il factors which led or contrii 0 the accid
Unnpmnhnrformimml

[} ions) Injury or O i 1liness

14, Describe the injury or illness in aetsil and indicate the part of body affectes. (£.a, amputenon of right index finger at second joint; frecture of ribs:
lead poisoning; dermatitis of left hend, etc.)

15.Name the object or substance which directdy injured the . (For the ine or thing he struck sgainst or which struck him; the
vapor or poison he inhaisd or K the chemical or wihrich i his skin; or in cases of straing, hemiss, etc., the thing he wes
lifting, pulling, etc.)
16.0ate of injury or in tial diagnosis of cccupational iliness 17. Did employee die? (Check one) D D
Yes No
Otner

18. Name and address of physicisn

19.1f hosoitalized, name and acdress of hospital

Dats of report Prepered by Otficisi position

OSHA No. 101 {Feb. 1881)

Figufe IV-5. OSHA No. 101 Form : Supplemental Record of Injuries and Ilinesses
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Steps of
Investigation

ACCIDENT AND
INJURY
PREVENTION

Hazard Control

Abnormal Energy
Transfer

Control Technologies

An example of a comprehensive accident investigation report is
provided in Figure IV-6.

An accident investigation may be conducted by the supervisor or
foreman, by the safety professional of the company, by the project
safety committee, by an investigative committee or by an independent
consultant. Ferry (5) has illustrated the accident investigation process
in twelve ascending steps as shown in Figure IV-7. It is clear that a
complete investigation involves preparation for the investigation;
performing the investigation; taking action to correct the situation; and
critiquing the investigation to ensure that the process is continually
improved. Elements of this process are included in the example
accident report form presented in Figure IV-6.

Information gathered and lessons learned from past accidents can be
integrated in preventive strategies to eliminate or minimize the risks for
future mishaps of similar nature. A better strategy, perhaps, is the
analysis of "near-misses”, or potential accidents, so future accidents can
be prevented before any accident occurs for the first time. An accident
prevention program can focus on frequency, severity, or cost, singly or
in combination, and try to direct the preventive efforts toward the
critical accident or injury types as judged by these factors.

In order to eliminate or minimize hazards, one must be able to:
. Recognize the hazards;

. Define and select preventive actions;

. Assign responsibilities for implementation; and

. Monitor the effectiveness of preventive actions.

Based on Haddon’s energy theory, one can consider injuries to be caused
by abnormal energy transfers or interferences with energy transfer. An
injury causing event can thus be broken down to three components:

1) The source of hazard (agent);

2) The transmission of hazard (vector); and

3) The worker (host).

Control technologies suggested by this approach should consequently
consider: '

. Control at the source of energy;

. Control of transmission of energy; and

. Control at the worker.

For example, control of electrical energy at the source may involve
proper grounding. Control of transmission could include separating the
worker from the hazard by placing barriers or guards between the
hazard and the worker. Personal protective equipment, such as
insulated gloves, represents a control applied on the worker.
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Accident Investigation Report

Instructions to Supervisor/Investigator:

Please complete this form within 48 hours of the incident. Attach to this report any pictures police report, or witness
statements. Make copy for the injured person, for your file, and forward original to management.

Be accurate and use factual information only. Type or use black ink.

Copy Requested: Yes... No...
Copy Requested:

By:
Date:
Date Sent:

By:
Date:
Date Sent:

Agency or Company Information
- —

Dept. Code .....

Main Office/Headquarter File No. .........

Original = 1

Revision = 2 *
Your Office OSHA Case # ....... Injury = 1, Illness = 2

Is injured person a visitor to the site or a worker,

visitor = 1, worker = 2

Total Employees Injured ......: Fill Report For Each.

Minor Yes=1, No

=2

B Y

General Information

8. Date of Accident .... ..... ..

9. Day of Week .....

10. Time of Accident .......... AM=A PM=P
11. Exact Location of Accident

12. Date Reported to Supv. Month/day/year/ ... ... ...
13. Date oﬂl:&g;to

14. Date This rt Send to Management ... ... ...
Hand Delivered = H, Mailed = M
15. Contractor’s Name
General = 1 Sub-contractor = 2
Contract # ..... , Type of Construction .......
Type of Work: Civil = 1, Military = 2

Personal Data
16. Name of Injured person: First, Initial, Last
Home phone #:
Social Security #:
Home Address:
17. Sex: Male = M, Female = F
18. Birthday ... ... ... .
19. Married = M, Single = S, Divorced = D, # of Children ......
20. iguca;itgn, Specify “Tvpe & Durati
s courses: uration ...
21. Joby'l‘itl::ty ype . .
Experience in type of work he/she was doing at time of accident,
# of months .....
How long with this agency/company ... )
22. Any previous accident he/she has been involved in
Yes=1 No=2 I[f Yes specify when and how.

Figure IV-6. Example Accident Investigation Report Form
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Manager/Supervisor
24. Name of Supervisor
Home phong L X G R '
Social security ... ... ...
Home address:
Work address:
25. Completed safety management course ?

Yes = | No =2 if Yes specify tzpc and duration ...
26. History of accidents on supervisor's job sites.
_ How many = Minor = M, ... Total=F ...
OSHA Information
27. Hospital Yes=1 No =2 Date:

Name & Address:
28. X- Rays taken Yes = | No=2
29. Doctor Yes = 1 No =2 Date:

30. Extent of injury (if death, notify Dept. of Labor within 8 hours) ...
Date of death ™ ... ... ...
Where: On site = 1 Hospital = 2,.  Home.=3
Date Dept. of Labor notified: ... ... ...
31. Injured received medical treatment
Yes =1 No=
32. Injured received First Aid only
Yes=1 No =2
33. Termination or %mnanem transfer?
Yes = | o=2
34. Last day worked ... ... ...
35. Date return to work ... ... ...
36. Lost work days
Estimate

37. Lost work days restricted
Estimate Actual

- pd )
Worker’s compensation

T —— EXSSTEETE
38. Occupation SPECIfic) wvcencrcrneenes
39. # hours re worked per week ...
Ave. overtime hrs. ... J
40. Straight time hourly wage rate ........
41. From payroll record- gross income for last 13 weeks .......
Straight time total $ ... # weeks ..... Average § ...
Overtime total § ... # weeks ..... Average § ...
Board & Room- value § ... Ave?e per week § ...
Combined average weekly eaming

Loss Control
42. Place of accident ( address with city & state ) ... .
43. Exact location of accident ( same as # 10 above, include picture of site ) ...
44. Environmental conditions
Weather ..., Avg. Temp ..., Housekeeping ...
45. Physical characteristics ...
46. Part of body (indicate area of injury; or attach figure).
47. Source of personal injury ...
48. Source of property damage ...
49. Type of accident ...
50. Activity engaged . .
1= Authorized , 2= Unauthorized , 3= Other explain ...
51. How long assigned Task .....
52. Explain events of accident & describe injury .....
53. Causal Factors ( why did it happen ) .....
54. Opinion on major factor .....
55. Unsafe
Act = 1 , Condition =2 ... :
56. Corrective actions-tell what has been done or planned, relate to each of # 55, 56 & 57
Estimate time of completion of corrective action if not done yet.
57. Comgleuon of actions
List # of actions and each one completed.

Figure IV-6. (Continued)
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58. Attachment, Check 1 or more and # of pages.
A. Sketch , B = Photo,  C. Statement/police report,
E. News release, F. Medical report, . Additional pages,
H. Other ...
59. Employee signature:

é&ne =1 .. Disagree =2 .. .
60. Would this accident have caused one of the following:
A. Permanent disability .....
B. Death ...
C. Temp. disability & lost workday .....
D. Med. treatment, no lost work .....
E. First aid treatment .....
61. Was this accident preventable
1= Preventable
2= Non-preventable
62. Do you think this is a safe work place?
Yes=1 No=2 . L
Your recommendation for achieving a safer job site .....

Investigated by
63. Investigator’s_signature ............. — .
Supervisor’s init. & date if not investigator.’
64. Investigator (if other than supervisor)
* Name:
Position:
on:
Date:
65. Reviewed by safety professional
Name:
Position:
Reason:

ate:
66. OSHA review (if any and their comments)
Name: -
Position:
Reason:

Date:
67. Additional comments: .....
Iioss resuited

68. Total Eost (include medical, e'?uipment, corrective action & other) .......
Were any law suits involved

es = ] Q =
70. Court judgement, describe: .....

Figure IV-6. (Continued)

Double check
12 |corrective action

Critigue the
11 investigation

Follow through,
10 on recommendations

| 9 | Correct the situation
| @ | Make recommendations
I 7 I Make a report
6 | Analyze conclusions
| s Develop conclusions
| 4 | Analyze the facts
| 3 | Gather the facts
2 | Prepare for the investigation
| 1 | Understand the need

Figure IV-7. The twelve steps of investigation (5).
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Hierarchy of
Controls

Eliminate

Control
Train

Prescribe PPE

Barriers in
Hazard Control

Physical Barriers

Human Barriers

Hierarchy of controls describes the order that should be followed when

choosing among options for controlling health and safety hazards. The

concept has traditionally been considered more applicable to health
hazards than safety hazards (2); however, it has been adopted by ANSI,

OSHA and many safety organizations for the control of accident and

injury hazards. The basic principle is to control the hazard as close to

the source as possible. A priority system has been suggested in the

National Safety Council’s Accident Prevention Manual (12), which lists

the following hierarchy: '

1) Eliminate the hazard from the machine, method, material, or plant
structure;

2) Control the hazard by enclosing or guarding it at its source;

3) Train personnel. to be aware of the hazard and to follow safe job

- procedures to avoid it;-and. -

4) Prescribe personal protective equipment (PPE) for personnel to shield
them against the hazard. Many industrial hygienists regard this type
of control as a last resort, used as a back-up.

For a comprehensive discussion of the hierarchy of controls concept,

including its advantages and limitations, please refer to reference (2).

Hazard control principles can also be described by considering barriers.
Barriers can be physical or human barriers. The physical barriers could
be:

« A barrier at the energy source; an example of this is de-energizing a
circuit by use of a switch;

. A barrier between the energy source and worker; examples are
insulation of electrical conductors, grounding, safety nets, and pressure
vessels; ~

- A barrier on the worker; examples are respirators, safety harness and
insulated gloves; and '

- A barrier of space or time between the energy source and the worker;
an example for this could be requiring minimum distances between
earth moving equipment.

Human barriers, on the other hand, can be represented by the following:

- Designing to eliminate hazards; an example is relocating utilities away
from the construction site; :

- Macro work practices and procedures; an example is moving an
assembled scaffolding by crane instead of constantly assembling and
dismantling; :

. Rules, regulations and procedures; example, detailed task
descriptions;

. Management control and incentives;examples are enforcement of
procedures by supervision and issuing penalties for non-compliance;
and

- Education and training; this could focus on hazard recognition, correct
tool usage and use of personal protective equipment.
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REVIEW QUESTIONS

L.
2.

10.

‘11,

12.

13.

14.

15.
16.

Define the terms accident, hazard, risk, safety and safety engineering.

What are some common unsafe acts and some common unsafe
conditions in the construction environment? Give an example of
how a combination of unsafe acts and unsafe conditions can cause
a construction accident.

. Describe Heinrich’s domino theory. Why is it not so popular

anymore?

. Compare and contrast Heinrich’s domino theory with the

management models of accident/injury causation.

. What are the essential features of behavioral models, epidemiologic

models and ergonomic models?

What are the system safety models used for? What are some of the
network analysis tools used in application of system safety?

How does fault tree analysis work? Describe by a conceptual
example.

What is the basis of the energy theory? What are the different types
of energies that may be involved in injury causation?

. What is the multiple factor theory? What are its advantages?

Describe the 4M model.

What are the purposes of accident investigations and accident
reports?

Describe the main features of OSHA 200 and OSHA 101 forms.
Why should companies have their own accident investigation and
reporting forms?

List the twelve steps involved in an accident investigation, and
discuss the rationale behind these steps.

Why should "near-misses" be investigated?

Explain the meaning of the terms agent, vector, and host in regard
to abnormal energy transfer. Describe by examples the relevant

~ hazard control technologies.

Describe the hierarchy of controls principle. Give an example.

Describe the physical and human barriers which can be employed
for hazard control.
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UNIT V

CONSTRUCTION INDUSTRY SAFETY AND HEALTH PRACTICES AND APPLICABLE

PURPOSE

OBJECTIVES

KEY TERMS

OSHA STANDARDS

To present an overview of the scope and nature of construction related
hazards, and the standards and practices associated: with their control.

To familiarize the student with:

1. The specific hazards related to various construction activities and
tasks.

2. The industry practices for hazard control.
3. Applicable OSHA standards.

4, The identification and control of the safety and health hazards
specifically related to:
(a) Material handling;
(b) Welding and cutting;
(c) Concrete construction;
(d) Steel erection;
(e) Fall protection, ladders and scaffolds;
(f) Cranes, derricks and hoists;
(g) Heavy construction equipment;
(h) Motor vehicles;
(i) Hand and power tools;
(i) Electrical work;
(k) Excavation and trenching;
() Confined space entry; and
(m) Contaminated site cleanup.

Safety and health resources; OSHA standards; NIOSH Alerts; material

handling; hazardous material; ignitable; corrosive; reactive; toxic;
asphyxiant; carcinogen; mutagen; teratogen; asbestosis; silicosis; right-
to-know laws; hazard communication standard; housekeeping; manual
lifting; back injuries; NIOSH equation for weight limit; lifting index;
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manual handling assist devices; rigging safety; welding and cutting
hazards; welding equipment safety; personal protective equipment;
concrete hazards; hazardous substances; formwork and shoring; striking
or falling objects; rebar handling and installation; structural failures;
concrete placement safety; shoring safety factor; cold weather
precautions; steel erection; design hazard; erection safety;
communications; fall prevention; fall protection; safety harness; lanyard;
life line; anchor point; safety net; ladder safety; scaffolding safety;
elevating work platforms; roofing safety; crane; derrick; hoist; mobile
crane; tower crane; bridge crane; stability; heavy construction
equipment; bulldozer; scraper; motor grader; front-end loader; motor
vehicle safety; hand and power tools; manual tools; electric tool safety;
sawing safety; powder actuated tool; training; electrical work; overhead
and ‘underground - cables; -receptacles; -connectors; -grounding; ground
fault circuit interrupter (GFCI); excavation and trenching; cave-in;
shoring systems; sloping; trench shield; inspection; competent person;
confined space entry; oxygen deficiency; atmospheric hazards; permit-
to-work system; monitoring; rescue; contaminated site cleanup;
hazardous chemicals; biological hazard; radioactive hazard; physical
hazard; site safety and health plan; hazard and safety training; medical
program; site characterization; air monitoring; protective clothing; site
control; decontamination; site emergencies.
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UNIT V

CONSTRUCTION INDUSTRY SAFETY AND HEALTH PRACTICES AND APPLICABLE

RESOURCES AND
STANDARDS

OSHA Standards

NIOSH Alerts

SCOPE OF
THE UNIT

OSHA STANDARDS

There are organized efforts in industry and government to prevent
accidents, injuries and illnesses, and pertinent resources are available in
the form of manuals, catalogs, pamphlets, videos, etc (1,2,3). These
resources cover the principles of hazard recognition and control as
applicable to various construction activities and tasks, and provide
training on safe procedures and practices. Further, there exists a
voluminous. body of safety.and health standards (4,5) enforced by
OSHA which are updated periodically. States that have their own safety
and health programs usually have their own version of the OSHA
standards. The OSH Act requires that all employers and employees
comply with the promulgated safety and health regulations and
standards under the appropriate jurisdictions.

The National Institute for Occupational Safety and Health (NIOSH) has
published a number of resource documents under the name NIOSH
Alert, addressing the prevention of occupational injuries and fatalities
in a variety of construction and/or other work practices. A listing of the
available NIOSH Alerts is provided in Table V-I. These documents are
also appended to this module in their entirety in an effort to disseminate
the valuable information and recommendations contained therein (see
APPENDIX). The NIOSH alerts typically cover:
. Background information on fatality/injury causing occupational tasks;
. Brief reports on relevant cases;
. Appropriate and applicable regulations and standards;
. Recommendations on procedures for hazard recognition, testing and
evaluation, prevention, safe work practices, and rescue operations; and
. References for further information on the subject.

The industry and government resources and OSHA standards are
exhaustive; so, no attempt will be made to cover in this unit every
possible aspect, and every detail. Instead, highlights are presented here
that are considered to be important and representative. The reader is
directed to the references listed in NIOSH Alert documents provided in
the APPENDIX, and the references cited at the end of this unit for a
more thorough coverage.

In the following sections of this unit, we present information on the
recognition and control of safety and health hazards for material
handling; welding and cutting; concrete construction; steel erection; fall
protection; ladders and scaffolds; cranes, derricks and hoists; heavy
construction equipment; motor vehicles; hand tools; electrical work;
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excavation and trenching; confined space entry; and contaminated site
cleanup. Applicable OSHA standards are cited for each case; however,
no attempt is made to elaborate the specific details of these standards.
The reader is directed to references (4) and (5) for details.

Table V-1
Listing of Available NIOSH Alerts

Title Date DHHS (NIOSH)
Publ. No.
1. Request for Assistance in 7/85 85-111

Preventing Electrocutions
Between Cranes and Power
Lines

2. Request for Assistance in 1/86 86-110
Preventing Occupational
Fatalities in Confined

Spaces

3. Request for Assistance in 12/86 87-103
Preventing Fatalities of
Workers Who Contact Electrical
Energy

4. Request for Assistance in 7/89 89-110
Preventing Electrocutions
of Workers Using Portable
Metal Ladders Near Overhead
Power Lines

5. Request for Assistance in 12/89 90-100
Preventing Deaths and Injuries
from Falls Through Skylights
and Roof Openings

6. Request for Assistance in 891 91-110
Preventing Electrocutions
During Work with Scaffolds
Near Overhead Power Lines

7. Request for Assistance in - 4/92 91-116a
Preventing Lead Poisoning
in Construction Workers

8. Request for Assistance in 8/92 92-108
Preventing Worker Injuries
and Deaths Caused by Falls
From Suspension Scaffolds
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MATERIAL
HANDLING

Hazardous
Materials

Hazardous
Chemicals

Ways of Entry

to Human Body

Health Effects
of Exposure

In the context of this module, the term material handling encompasses
all activities associated with the transportation, receiving, storage,
dispensing, and management of the construction and related materials
on and off the jobsite. Materials themselves may be considered
hazardous, or there may be hazards created by their improper handling.
Dealing effectively with the various types of materials handled in
construction projects requires understanding their hazards, and making
effective planning and implementation decisions with regard to the
mode of transport, time of delivery, quantity of materials, and allocation
of safe and suitable storage space.

The Transportation Safety Act of 1974 defines several classes of -
hazardous materials including explosives, radioactive substances,
flammable/combustible liquids and solids, oxidizing or corrosive
materials, compressed gasses, poisons, etiological agents (hazardous
biological materials), irritating materials and other regulated materials.
Under the Resource Conservation and Recovery Act of 1976, the
Environmental Protection Agency (EPA) classifies hazardous materials
as ignitable, corrosive, reactive, or toxic.

Materials characterized as chemicals may be in the form of solid, liquid,
granules, powder, vapour or gas. Chemicals commonly used in the
construction industry include acids, bases, solvents and alkaline
materials (e.g. cement). Hazardous chemicals are listed by a variety of
agencies. For instance, NIOSH has. compiled a list of some 5000
chemicals that have an inherent hazard (6).

Chemicals can enter the human body in four ways:

. Inhalation: breathing of gases, vapour, fumes, and dust which can
effect lungs, nose, throat, and blood;

. Absorption: chemicals penetrating human skin directly or through
cuts;

. Ingestion: chemicals entering through the mouth; or

. Injection: chemicals entering the body purposely or accidentally.
Besides these four routes of entry, some materials may be harmful in
direct contact with external tissue. Examples are burns, dermatitis and
eye irritation problems resulting from the skin or eye making contact
with harmful substances.

It is important to note that the likelihood and severity of the health
effects from harmful substances depend on the type and quantity of the
substance, the rate and duration of exposure, and what happens to the
substance in the body. Most hazardous substances affect particular
organs of the body; some affect the nervous system, or blood.
Exposures can be acute or chronic. An example of an acute effect is
a strong acid or caustic contacting a tissue and destroying it. Chronic
effects of hazardous materials are observable after a latency period,
which is usually the case with carcinogens. Chemical exposure may
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Classification
Based on Health
Effects

Federal Laws
on Control of
Hazardous
Materials

Right-to-Know
Laws

Hazard
Communication
Standard

affect different people differently, an example being. the case of an
allergic reaction.

It is also possible to classify hazardous materials based on their health
effects. Asphyxiants are materials which cause oxygen displacement
in a breathing atmosphere and interfere with oxygen transport and
breathing. Carcinogens produce cancer, or tumor induction, in man
and animals. Mutagens cause changes in the genetic structure in a
current generation of animals or humans, whose effects can show up in
future generations in the form of cancer or some mutation. Teratogens
are substances that cause malformations or serious abnormalities in a
human or animal fetus. Finally, lung disorders such as asbestosis or
silicosis can result from inhalation of fibrous or fine particulate
materials.

There are a number of federal laws governing the control of hazardous
materials for public safety and health. The Toxic Substances Control
Act (TSCA) of 1976 requires all new chemicals to be tested for safety.
The Resource Conservation and Recovery Act (RCRA) of 1976
regulates the generation, treatment, storage and disposal of hazardous
wastes, and has instituted a manifest system for tracking hazardous
materials from: creation to disposal or use. The Hazardous Materials
Transportation Act of 1974 controls the packaging, labelling and
transportation of hazardous materials. The Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA)
of 1980 and Superfund Amendments and Reauthorization Act (SARA)
of 1986 deal with hazardous waste site cleanup.

Federal and state right-to-know laws came about as a result of increasing
public demand for open information regarding the dangers of chemicals.
To comply with the Emergency Planning and Community Right-to-
Know Act of 1986 (also called SARA Title III) employers must inform
their employees inside and citizens outside a plant about the dangers of
chemicals at the site. This act covers the labelling and storage
requirements, and mandates the use of material safety data sheets
(MSDS) to provide details on the chemicals or compounds and list the
procedures for protection from related hazards. The OSHA format for
MSDS is presented in Figure V-1.

The OSHA Hazard Communication Standard (29 CFR 1926.59) requires
employers to inform their employees of the hazards associated with the
use of and exposure to chemicals in the workplace. Originally
applicable to manufacturing,” this standard was extended to the
construction industry effective May 23, 1988. Any chemical known to

"be present in the workplace, in such a manner that employees may be

exposed to it under normal conditions of use or in a foreseeable
emergency, is covered under this standard. To comply with this
standard, the employer must:
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Material Safety Data Sheset U.S. Department of Labor @

May be used to comply with Occupationsi Safety and Hesith Administration
OSHA's Hazard Communcation Standard, (Non-Mandatory Form)
29 CFR 1910.1200. Standard must be Form Approved
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Figure V-1. OSHA format for material safety data sheets
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Employer’s Duties

Material
Handling
Hazards

Material
Handling
Controls

Worksite
Layout

. Conduct an inventory and list all hazardous chemicals on the job-site,
and maintain an up-to-date inventory;

. Collect and maintain the appropriate MSDS’s;

. Develop a written Hazard Communication Program (must be
maintained at the job-site);

. Ensure that containers for all chemicals are properly labelled; and

. Establish a continuing training and information program for
employees exposed to hazardous chemicals;

. The training program must include methods for hazard identification;
physical and health hazards of chemicals on the jobsite; protective
measures to be taken in case of exposure; specific safe work practices,
emergency release or spill equipment; and the details of the Hazard
Communication Standard such as labels and warning systems, and
MSDS.

Improper handling of materials can lead to several hazards. Some relate
to poor housekeeping; some are unique to particular activities,
equipment or materials. Hazards may stem from a lack of proper
planning of the material handling jobs such as delivery, storage and
movement, or from failure to properly communicate with and provide
clear instructions to participating employees. Loading and unloading
operations associated with material delivery can create hazards resulting
from failed lifting equipment (e.g. buckling of crane boom, collapse of
a conveyor support, rigging failure, breaking of a wire or chain rope),
which can cause serious injury to workers. Manual lifting and material
handling also commonly cause injuries and health problems like strain
and sprain of muscles, tom ligaments and spinal disc injury and hernia.
Improperly stacked or stored materials may cause items to fall down on
people or tip over from piles, overload the storage shelf or area, or
protrude into traffic ways and aisles, creating obstacles or tripping
hazards. Improper segregation of materials may create additional
hazards from fire, explosion and corrosion. Loads in motion also pose
safety hazards if not properly controlled. Moving loads may strike
other objects or persons causing property damage and bodily injury.
Ropes, chains and slings are rigging devices used to lift loads. The main
hazards of rigging are failures due overloading, deterioration or wear,
harmful and improper rigging.

Effective control of material handling hazards starts with good planning
of the site layout and activities,and continues with proper storage and
housekeeping practices. Training in hazard communication
requirements, safe manual lifting and handling procedures, and safe
operation of material handling equipment are also essential.

The need to move materials safely and efficiently should be included in
planning for the arrangement or modification of work places. Detail
should address concerns such as flow of materials, methods of site
transport, purchase of safe operating equipment, ergonomic factors,
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Storage

Storage According
to Use, Kind and Size

Control of
Explosive
Materials

loading and unloading facilities, minimization of manual handling tasks,
adequate availability and arrangement of storage areas, choice of
hazardous material locations, and future maintenance requirements.

Planned material storage lessens the handling needed to move materials
for processing, use, or shipment. Movement of materials is facilitated
by providing adequate storage space at receiving, processing, and
shipping areas. Storage should be organized to reduce hazards and to
enable safe and practical placement and removal of materials. Storage
equipment, (racks, bins, pallets, etc.) should match the temporary or
long term needs. Bags, bundles, and other containers need to be
suitably tacked, blocked, interlocked, and limited in height. For open
pits, tanks, vats, etc., covers and guardrails must be provided to reduce
contact and fall hazards. Special precautions are required for storage
of hazardous materials with consideration given to the level of
protection needed for each hazardous material. Attention should be
focused on items that by their nature are recognized to be harmful, e.g.,
those which are explosive, flammable, toxic, asphyxiating, or
biologically contaminated.

Basically, all materials should be stored according to their use and
characteristics. Materials should be segregated according to kind and
size, and should be placed in easily accessible, neat, and orderly piles.
Specific storage methods include cross stripping for lumber, piling for
sacked materials such as cement, stepping, cross piling, and cross tying.
Materials stored on constructed floors, or supporting members should
not be in excess of the strength of these members. Materials should not
be stored on scaffolding or other temporary structures beyond
immediate need.

The following precautions should be considered for prevention of

mishaps associated with explosive materials:

. Smoking, flames, intoxicants, and any item that can cause a spark
around explosives should be forbidden. '

. Transportation vehicles should be equipped with fire extinguisher and
aluminum deck surfaces. Vehicle battery and wiring should not come
in contact with explosives. Proper warning signs such as
"EXPLOSIVE", "DANGER", apd red flags should be displayed on
the vehicle.

. Vehicles should not be overloaded and the cargo should be secured.
Explosives should be received and stored for daily use only. They
should be stored in fire and bullet resistant buildings, protected from
weather and fire. They should be accessible only to authorized
personnel. -

. Metal tools should not be used for handling explosives.

. All explosives should be handled by well trained personnel, according
to manufacturer’s instructions, with one supervisor in charge of the
entire explosive operations.
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Control of
Flammable
Materials

Housekeeping

Pi'oper

Manual Lifting

Many of the safety recommendations for explosive materials are also

applicable to flammable liquids. Specifically:

. Flammable gases and liquids should be segregated from all other
materials, equipment and activities which may create sparks or flame.

. Flammable liquids should not be stored adjacent to gases. They should
be stored in fire resistant structures with approved fire extinguisher,
mortars, electric switches and ventilators.

. Flammable liquids should be stored at a minimum amount in approved
containers, and should be labelled for identification.

. All containers and dispensing equipment should be approved for the
specific use, and should be of the non-sparking type (especially during
transfer of the flammables from containers).

. Corrosive materials should be bonded, vented and equipped with spill
prevention catchments.

. Containers previously used for other flammable liquids should not be
reused for different liquids unless the container is thoroughly purged.

. All personnel handling flammable liquids should be trained in hazard
recognition and prevention.

. Unidentifiable flammable liquids should not be used until the nature
of their contents is confirmed.

The AGC Safety Manual (1) lists the following recommendations for

good housekeeping:

. In storage areas materials should be maintained in neat stockpiles for
ease of access. Keep aisles and walkways clear of loose materials and
tools.

. Clean up loose materials, waste, etc. in work areas immediately. This
is especially important in aisles and in the vicinity of ladders, ramps,
stairs, and machinery. Tools and loose materials should be removed
immediately if a hazard is created.

. In areas used by personnel, empty bottles, containers, and papers
should not be allowed to accumulate where lunches are eaten on the
job site. Trash disposal cans should be provided.

. Spills of oil, grease, or other liquid should be removed immediately
or sprinkled with sand.

. An effective means of managing solid waste is the provision of
suitable receptacles for waste and scrap. Combustible waste, such as
oily rags, paper, etc., should be stored in an appropriate covered
container, and disposed of regularly.

. Protruding nails should either be removed or bent over. Cleaned
lumber should be stacked in orderly piles. Workers performing this
task should wear heavy gloves and footwear with puncture-resistant
soles.

. Adequate lighting should be provided in or around all work areas,
passageways, stairs, ladders, ‘and other areas used by workers.

Manual lifting remains an important part of the construction process and

should be performed by workers who are trained in the proper method
of lifting. According to Potts (8), the objectives of lifting training are:
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Objectives of
Lifting Training

Back Injuries

General Rules
for Safe Lifting

Specific Rules
for Safe Lifting

NIOSH Equation
for Manual
Lifting

- To inform workers of the consequences of improper lifting;
. To teach how to avoid unnecessary stress in lifting; and

. To have workers become aware of their personal physical limits.

Instruction in the basic facts of manual handling should concentrate on
how back injuries occur, the frequency of injuries, the long term effects,
and the keys to injury avoidance. Employees also need to learn the
general and specific rules for safe lifting techniques. The general rules
call for the right attitude toward lifting (i.e."think before you lift !") and
practice of self-discipline. The specific rules are more descriptive on
how to lift properly. The seven general rules for safe lifting are:

1) Lift comfortably. Although presently there are different views on
the position to lift correctly, the new concept is to lift with or without
a straight back depending upon what is most comfortable to the
individual. - The traditional view is to lift with a straight back and bent
knees.

2) Avoid unnecessary bending. Whenever possible place objects on
waist level surfaces and not on the floor.

3) Avoid unnecessary twisting. Turn your feet, not your hips or
shoulders.

4) Avoid reaching out. Hold heavy objects close to your body. Avoid
reaching out to pick up an object.

S) Avoid excessive weights. Get help or use a mechanical device rather
than lifting a load that is too heavy.

6) Lift gradually. Lift slowly, smoothly and without a jerking motion.
7) Keep in good physical shape. Get proper exercise and maintain a
proper diet.

The traditional and more specific technique for lifting is the two-hand
squat lift method. This lifting method, according to the National Safety
Council (9), consists of six basic steps.

1) Correct feet positioning. Straddle the load with one foot beside the
load and one foot behind the object.

2) Keep the back straight and knees bent.

3) Get a good grip. Use a full-palm grip not just the fingertips.

4) Pull the load as close to the body as possible. Place elbows and
arms close to the body.

5) Tuck the chin in.

6) Keep the body positioned over the feet. Start the lift with the rear
foot.

A rational approach to safe manual lifting is establishing weight limits
for individuals. NIOSH (10) has developed an equation for this purpose
based upon biomechanical, physiological and psychophysical factors and
criteria. This equation is expressed as:
RWL=LCxHMxVMxDMx AMxFM x CM

where:
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Recommended
Weight Limit

Lifting Index

Manual Handling
Assist Devices

Hooks

Bars

Two-wheel Trucks

RWL= Recommended weight limit; and

Metric US customary
LC = load constant = 23 kg 51 lbs
HM = horizontal multiplier = (25/H) (10/H)
VM = vertical multiplier . = (1-(0.003[{V-75})) (1-(0.0075[V-30D)
DM = distance muitiplier = (0.82+(4.5/D)) (0.82+(1.8/D))

AM = asymmetric multiplier = (1-(0.00324)) (1-(0.00324))
FM = frequency multiplier (from Table V-2)
CM = coupling multiplier (from Table V-3).

In the above formulas:

=  horizontal distance of hands from midpoint between the ankles.
Measure at the origin and the destination of the lift (cm or in).

= vertical distance of the hands from the floor. Measure at the
origin and destination of the lift (cm or in).

=  vertical travel distance between the origin and the destination of
the lift (cm or in).

= angle of asymmetry-angular displacement of the load from the
sagittal plane. Measure at the origin and destination of the lift
(degrees).

F =  average frequency rate of lifting measured in lifts/min. Duration

is defined to be: < lh; < 2h; or < 8h assuming appropriate
recovery allowances (see Table V-3).

Based on this equation, a lifting index (LI) has been defined as the ratio
of the load lifted to the recommended weight limit. The concept
suggests that the risk of injury increases as the load or job demands
exceeds some baseline capacity of the worker. LI is an index of
relative physical stress, and can be used to identify hazardous lifting
tasks.

A variety of tools and equipment are available to assist in the manual
handling of materials. Use of such items will aid in reducing strains and
other injuries. Each should be used only for the designed task,
inspected before use, and kept in good condition. Some of the
tools/equipment safeguards are (1I):

Hooks should be used in a manner so as not to glance off hard objects.
Thec)l,' should be stored in a safe place and maintained in ready-to-use
condition.

In working with bars, the body should be positioned to avoid contact
due to slippage or fall of material.

Trucks with widely-spaced wheels are recommended to prevent
overloading and knuckle guards should be furnished to protect hands
from contacts. Hand trucks should be in a vertical position when not
in use.
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: Table V-2
~ Coupling multiplier - CM (10)

V<7Scm (30 in) V275 em (30 in)

Coupling Coupling multipliers
Good 1.00 1.00
Fair 0.95 1.00
Poor 0.90 0.90
Table V-3
Frequency muitiplier - FM (10)
Work duration
<1h <2h < 8h
Frequency )
lifts/min V<75 V275 V<75 V275 V<75 V275
0.2 1.00 1.00 095 0.95 0.85 0385
0.5 097 097 092 0.92 0.81 0.81
1 094 094 0.88 0.88 0.75 0.75
2 091 091 0.84 0.84 0.65 0.65
3 0.88 0.8 0.79 0.79 0.55 0.55
4 084 0.84 072 0.72 0.45 0.45
5 0.80 0.80 0.60 0.60 035 0.35
6 075 075 050 0.50 0.27 0.27
7 070 0.70 042 042 0.22 0.22
8 0.60 060 035 0.35 0.18 0.18
9 052 052 030 0.30 0.00 0.15
10 045 045 026 0.26 0.00 0.13
11 041 041 000 0.23 0.00 0.00
12 037 037 000 0.21 0.00 0.00
13 0.00 034 0.00 0.00 0.00 0.00
14 0.00 031 0.00 0.00 0.00 0.00
15 - 0.00 028 0.00 0.00 0.00 0.00
>15 0.00 0.00 0.00 0.00 0.00 0.00

Note: Values of V are in em; 75 cm = 30 in.
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Dollies

Rollers

Jacks

Rigging Safety

APPLICABLE OSHA
STANDARDS

Materials should be loaded evenly on dollies to prevent tipping and
obstruction of view. They should be pushed rather than pulled, unless

* specially designed to be pulled.

Hands and feet should be kept away from pinch points and the rollers
should be extended beyond the load.

Properly rated jacks should be used for the load, placing the jack on
level, stable, and clean surface. Metal-to-metal contact should be
gvc;(iﬁ:{i by using wooden shims. The load should be blocked after the
Jac '

Rigging of loads must be done with relative precision and performed by
trained, experienced personnel. Competent supervision is needed to see
that (a) suitable rigging equipment is available having the necessary
capac;m for the job, (b) rigging equipment is in safe working condition,
(c) loads are rigged properly, and (df the safety of the rigging crew and
other affected personnel is maintained. The following safety precautions
and procedures are recommended in regard to safe rigging 512):

. Learn the safe working load of the equipment, tackle, and hardware
before use.

. Determine the weight of the load prior to ri%gin it.

. Use the proFer rigging equipment for the job to be performed.

. Examine all hardware, equipment, tackle, and slings before use and
destroy defective components. Inspect daily for wear and abrasion,
broken wires, worn or cracked fittings, loose seizings and
splices, kinking, crushing, flattening, and corrosion.

. Never exceed safe working loads of equipment, tackle and hardware.

. Allow for a greater degree of safe working limits, when conducting
other than center of gravity lifts.

Representative OSHA standards applicable to Material Handling as
covered in this part of the module are given in Table V-4.

Table V-4
OSHA Standards Related to Material Handling

29 CFR 1926 Subpart C - General Safety and Health Provisions
Sectio! T

n opic
T926.20 General safety and heaith provisions
1926.24 Fire protection and prevention
1926.25 Houseckeeping
1926.26 [Hlumination
}9 7

26.27 Sanitation
926.28 Personal protective equipment

29 CFR 1926 Subpart D - Occupational Heaith and Environmental Controls

Section Topic .
T926.50 Medical services and first aid
1926.51 Sanitation

29 CFR 1926 Subpart F - Fire Protection and Prevention
Section . Topic
.130 Fire proiection
1926.151 Fire prevention .
}g%g{g% {lamr%aléle andlcombusnt(sllfph ux;ls
. iquefied petroleum as
1926.154 Te‘}nporary heating deg:fces -

29 CFR 1926 Subpart G - Signs, Signais, and Barricades
Section Topic

0 Accident prevention signs and tags
1926.201 Signalling
1926.202 Barricades
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Table V-4 (Continued)

29 CFR 1910 Subpart G - Occupational Health and Environmental Control
Section Topic

1910.94 Ver_m_iauon .

1910.96 Ionizing radiation

1910.97 Nonionizing radiation

29 CFR 1910 Subpart H - Hazardous Materials
Section Topic
1 Compressed gases igcneral requirements)
910.102 Acetylene
03 Hydrogen

en

05 Nitmgus oxide - ) ..

06 Flammable and combustible liquids ) .
07 %graly finishing using flammable and combustible materials
09 plosives and blasting agents .

10 Storage and handling of anhydrous ammonia

CFR 1910 Subpart I - Personal Protective Equipment
Section . Topic
. General requirements-
910.133 Eye and face protection
910.134 Respiratory protection
g 0.135 Occupational head protection
9

3

0.136 Occupational foot protection
0.137 Electrical protective devices

29 CFR 1910 Subpart J - General Environmental Controls
Sgction o Topic

[G10.141 Sanitation . .

910.144 Safety color code for marking physical hazards
910.145 Specifications for accident prevention signs and tags

29 CFR 1910 Subpart N - Materials Handling and Storage

Section Topic

T910.T76 Handling mat:gia'.!.?;Lgenem.l . .

Servicing multi-piece and single piece rim wheels
Powered industnial trucks

Crawlekg locomotive, and truck cranes

c.
gﬂie_ctivc dates

elicopters
Slings

O
ot
e
3
B |

WIN—O

& LOOVOOoOO
Pt et et ek
OO0O000O
Pt et e s v et
goooeooeo;

2 1910 Subpart Z - Toxic and Hazardous Substances
. . Topic
Air contaminants . Lo
001 Asbestos, fremolite, anthophyllite, and actinolite
.1002 Coal tar pitch volatiles, interpretation of term
1003  4-Nitrobi hcn'il .
004 alpha - alph ylamine
006 Me %_ch oromethyl ether
007 3.3 -'Dichlorobenzedine (and its saits)
008 bis - Chloromethyl ether -
09 beta - Naphthylamine
010 Benzidine
11 4 - Aminodiphenyl
Ethyleneimine
beta - Propiolactone

5=

—
SO0 500555555550000000000000000¢

\O\O\O\O\O\DO\O\O D \D\DA\D O \O D O\D\O\D\D DD \D\O\O\O\O DO

2
3
4 2 - Acetylaminofluorene
5 4 - Dimethylaminoazobenzene
6 N - Nitrosodimethylamine
7 Vinyl chloride _
8 Ing}amc arsenic
025 Lead .
027 Cadmium
028 Benzene L
029 Coke oven emissions
030 Bloodborne pathogens -
043 Cotton dust
044 1,2-dibromo-3-chloropropane
045  Acrylonitrile
047 Ethylene oxide
048 Formaldehyde
050 Methylenedianiline
Asbestos L.
200 Hazard communication

—

ot ek . gt ot gt e ot P e i e e P o it P it e o P ek Pt ot Pt
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WELDING AND
CUTTING

Welding and
Cutting Hazards

Inhalation

Burning

Fire

Explosion

Electrical Hazards

Other Common
Hazards

Welding is defined as the union of metal; and cutting is defined as
severing or removing of metal. Both tasks are accomplished by heating
metals at suitable temperatures. Welding and cutting are generally
achieved by three methods:

1) Gas welding and cutting, which involves the use of oxygen,
acetylene and other gaseous fuels to generate heat;

2) Arc welding and cutting, which uses electric arc to create heat; and
3) Resistance welding, which involves the generation of heat by
resistance to flow of electric currents.

Welding and cutting produces a number of hazards to operators, which
are described below:

Fumes can cause intoxication through inhalation especially when toxic
materials such as lead, zinc, and cadmium coated materials are welded.
This hazard is more critical in confined spaces.

Unprotected skin can be burned if it comes in contact with molten metal
and sparks. ’

Cutting and welding are major producers of fire on construction sites.

~ Fires can be created by flying sparks or molten metal. Some flammable

materials may ignite in the presence of pure oxygen. Fires can also be
created by welding near combustible materials or containers which
contain (or have previously contained) combustible material..

Explosions can be created by welding around containers of explosives.
Explosion hazards are more critical during gas welding. Hazards are
also associated with improper storage and handling of gas cylinders
(such as exposure to heat or cold impact, etc.). Oxygen also forms a
highly explosive mixture with acetylene and other gaseous fuels.

In the case of arc welding and cutting, electric shock is a major hazard,
and can be fatal. High voltage electric shock, from faulty wiring and
grounding, or exposure to water, are the typical sources of electrical
hazards. Ultraviolet rays caused by electric arcs can damage the eye
lens by "sunburning" its surface. Ultraviolet light can also produce
burns and tumors on the skin which may tumn malignant. Ultraviolet
light produces ozone and can form highly toxic substances in reaction
with other chemicals.

Other common hazards associated with welding and cutting include the

following: '

. Chipping of excess metal or faulty welding can injure the eye.

. Working with goggles and face shields can reduce visibility resulting
in accidents.

. Handling hot equipment may cause burns.

. Extreme noise levels may be harmful to hearing.
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Control of
Fire Hazards

Fire Watcher

Welding
Equipment
Safety

Protective
Clothing and
Equipment

Ventilation

Housekeeping

APPLICABLE
OSHA STANDARDS

- Radiation exposure may have latent adverse health effects.

§uitable fire control devices should be ready for emergency use near
welding operations. OSHA standards require that objects that present
fire hazards should be removed if practical; otherwise they should be
securely covered. Containers previously used to store flammable
substances must be either filled with water, or thoroughly cleaned,
before welding, cutting or heating.

Flying sparks and molten metal can travel up to 25 to 30 feet and retain
sufficient heat to ignite combustible material. Therefore, a second
person should serve as a "fire watcher” during welding and cutting and
continue this task for 30 minutes after the operation has ceased.

All electrical welding equipment should conform to the requirements of
the National Electric Manufactures Association or the Underwriters
Laboratories (1). Power circuits should conform to the requirements of
the National Electric Code. Electric holders should have adequate
current capacity and insulation against shock, shorting or flashing.
Electric stubs should be disposed of in a fire-proof container.

Protective clothing should cover all parts of the body, depending on the
nature of the work. It must include flame resistant clothing free of oil
and grease. Safety goggles or face shields with tinted lenses (to protect
against chipping hazards, sparks and harmful rays), flame resistant
gauntlet gloves, aprons, safety shoes, leggings, and respirators must be
used during welding and cutting.

OSHA standards require the use of mechanical ventilation to remove
metal fumes in excess of established limits. Freely moveable exhaust
hoods should be placed near the source of the fumes. The use of oxygen
for ventilation purposes is prohibited by OSHA. Ventilation of
confined spaces is also an important consideration during welding or
cutting operations. In such cases workers can be protected by using
airline respirators, and should maintain communication with a person
outside the confined space (see the Confined Space Entry section).

As previously emphasized, proper housekeeping can eliminate many
hazards associated with fire, explosions and electrical shocks. Removal
of loose combustible materials such as wood shavings, saw dust,
materials soaked in flammable liquids, highly volatile materials such as
fuels and solvents are important to fire safety. Wood and other
combustible material should be shielded from sparks. Electrical wires
for welding equipment should be regularly inspected for safe operation.

The OSHA standards applicable to welding and cutting as covered in
CFR 1926 Subpart J are provided in Table V-5.

V-18



CONCRETE
CONSTRUCTION

Concrete
Hazards

Material
Hazards

Cement

Silica

‘ Table V-5
29 CFR 1926 Subpart J - Welding and Cutting

Section Topic

1926335 Gas welding and cutting

1926.351 Arc welding and cutting

1926.352 Fire prevention

1926.353 Ventilation and protection in welding, cutting, and heating
1926.354 Welding, cutting and heating in way of preservative coatings

Concrete is a mixture of portland cement, aggregate and water. Portland
cement is a hydraulic material which forms a paste when it chemically
reacts with water. This paste binds the aggregate into a hardened mass.
Concrete has a wide variety of applications in the construction industry.
It can be formed to many shapes. Its resistance to fire and moisture,
and its durability are desirable for many components of a structure.
Cast-in-place concrete can be prepared on the jobsite, or can be
delivered in ready-mixed form utilizing special trucks. This is a labor-
intensive method of construction. It involves the erection of formwork
and shoring; delivery and placement of the reinforcing steel; mixing,
handling, and placing of the fresh concrete; surface preparation and
finishing; curing; and removal of the formwork. Precast concrete
members are also manufactured to specific shapes at a plant and
delivered to the project sites.

Interaction between the workers and the concrete material can lead to
a variety of safety and health hazards. Hazards associated with concrete
construction can be categorized as:

. Material hazards;

. Hazards of construction operations and jobsite conditions; and
. Structural failures.

Some materials used in concrete construction may pose certain safety
and health hazards if they are not properly handled. These hazards are
discussed in the following paragraphs.

Dry cement is abrasive and can cause cuts or scratches on skin. Wet
cement is an alkali and can cause first, second and third-degree skin
burns, which can lead to permanent disfigurement.

Grinding, sand blasting, dry cutting and surface cleaning are major
producers of cement dust. Sand blasting generates fine dust particles
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Form QOil

Acids

Other
Hazardous
Substances.

Formwork and
Shoring Hazards

Falls

which contain high concentrations of silica. Prolonged inhalation of
silica that exceeds permissible exposure limits can lead to lung diseases
such as silicosis. '

Form oil and form release agents are sprayed on the forms immediately
prior to the placement of concrete to prevent adhesion of wet concrete
to wooden forms. A low pressure spray known as "Hudson Spray" is
commonly used for this application and it creates fumes that can be
toxic and hazardous, especially in confined spaces. Most form oils are
low hazard petroleum fuels; however, long-term inhalation may lead to
respiratory irritations. Some form release agents also contain solvents
which increase potential health hazards. High concentrations of
isopropyl alcohol, or xylene can cause loss of coordination and eye
irritation. - Skin or eye-contact ‘with these agents are the primary cause
of health problems. Repeated absorption can cause various types of
skin irritation and damage. ' '

Various acidic solutions used for removing stains from concrete
surfaces can also pose health hazards. They are generally mixed on the
job site and brushed on the concrete. Contact with skin and eye can
cause burns, and the inhalation of fumes can damage respiratory organs.
The severity of these problems varies according to the type of
substance, concentration, and duration of contact.

There are a variety of other substances used in concrete construction
which may be potentially hazardous. These include the many types of
curing compounds which are applied on the freshly poured material to
promote quick setting and prevent surface cracking. Bond breakers are
applied in between existing and newly poured surfaces to prevent
adhesion. Several sealants and waterproofing agents are also used in
concrete. Many of these substances may possess inhalation and contact
hazards.

Formwork is the system which supports freshly poured concrete as it
cures. It also supports the workers (as they perform work), materials
and equipment during construction. Erecting and removing formwork
involve a number of operations that can create hazardous conditions,
and cause accidents and injuries. The major types of formwork hazards
are discussed below.

Falls from elevations is a major cause of accidents in concrete
construction (13). Erection of formwork is often performed at high
altitudes and in difficult positions. Falls from elevations can be caused
by lack of proper access and egress to the work area, or lack of
adequate fall protection measures such as safety nets, safety belts, and
guard rails. Use of the formwork and reinforcing for climbing is a
dangerous practice; it can lead to falls.
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Striking or
Falling Objects

Formwork and
Shoring Failures

Common Hazards

Hazards of
Reinforcing Steel

Handling Hazards

Being struck by falling objects is also a significant cause of accidents
in concrete construction, since material handling is a major part of

.formwork erection. If any material or tool is not completely secured

during movement to position, or during use, it can come loose and fall
down. Falling objects durmg formwork stripping operations can also
cause safety hazards.

Safe formwork and shoring is key to safe concrete construction. Failure
of formwork or shoring as a temporary structure can have devastating
consequences. Deformation of formwork during the curing period
jeopardizes the appearance, and more critically the structural integrity
of the concrete structure. Inadequate formwork and shoring operations
can generate hazards which may ultimately lead to total collapse.
Common formwork -and shoring hazards are:

. Selection of unsuitable formwork and shoring system, and materials
for the intended use;

. Inadequate structural design in terms of capacity of the material,
connections, layout details and bracing;

. Faulty workmanship or design; absence of proper formwork drawings;

. Soil subsidence due to overload (may become more critical with wet
weather);

. Premature removal of formwork before concrete has obtained its
design strength;

. Improper placement of equipment and construction loads on
incomplete or inadequate shoring; and

. Improper pouring of concrete that causes eccentric loading beyond the
formwork’s capacity.

Other formwork hazards to workers are improper lifting, slipping and

falling, nail and wire puncture, and unsafe use of power and manual

tools.

Reinforcing steel is generally delivered to the job site by the fabricator.
Once delivered, reinforcing must be unloaded, stored and finally placed
in its permanent location. These phases include a great deal of manual
handling and mechanical hoisting.

Many accidents that occur during concrete construction are due to
handling of reinforcing steel (14). Lack of adequate planning creates
the first basic hazard. Unplanned delivery and lack of proper
communication can result in unloading with inadequate hoisting
equipment, inadequate safety equipment and manpower, or possibly
receiving the wrong amount or type of reinforcing steel (rebars). These
can lead to confusion and hasty decisions jeopardizing safety. Unsafe
practices in reinforcement handling also include exceeding the capacity
of hoisting equipment and improper lifting (such as lifting from bundle
ties). Other common hazards associated with the handling of
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Structural
Failures

Concrete
Placement
Hazards

Delivery

Placement

reinforcement include:

. Slips and falls on loose bars;

. Working at heights;

. Falling objects;

. Improper posture while tying steel bars;

- Working in areas with obstacles such as bar supports and protruding
elements;

. Puncture or injury from exposed reinforcing; and

. Collapse of reinforcing sections due to insufficient lateral bracing.

Finally, steel reinforcement is the main source of tensile strength in
concrete. Placement of the reinforcement generally follows structural
and shop drawings. Any design errors, or deviations from contract
documents could lead to serious structural problems and failures.

Concrete placement activities involve delivery, transportation, placement,
finishing and curing of concrete. These activities can expose the workers
to many hazards if the management does not plan for their proper
implementation.

The delivery of concrete to the project site starts by scheduling truck
arrivals. Failure to preplan the delivery or to position trucks in proper
locations may result in unsafe conditions for handling the concrete.
Failure to inspect the concrete for conformance to design specifications
may result in the use of substandard concrete leading to potential
structural failure.

Concrete may be deposited into formwork by a variety of methods. In

cases where ready-mix trucks are utilized, direct deposit or chute

extension can be employed. In other cases, concrete can be transported

in wheelbarrows. Conveyers may be used as a means to speed the

placement of concrete. Large projects and high-rise structures may

require a crane. Mechanical, hydraulic, pneumatic and squeeze operated

pumps are utilized to transport concrete over great distances, which can

increase productivity. Such methods are particularly economical for

massive foundations and large slabs. Typical hazards associated with

concrete placement are: '

. Injury and strain caused by handling chutes, shovelling and raking;

. Overexertion from wheelbarrows;

. Collapse of poorly constructed conveyer belts, or injury from moving
parts;

. General crane hazards (see later section);

. Injury caused by separation or surge of high pressure pumps;

. Improperly maintained hoses with unsecured joints and coupling in the
pipeline;

. Poor communication between the signalmen and operators; and

. Poor housekeeping.
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Control of _
Concrete Hazards

Cement
Handling

Mixers

Buckets

Buggies

Formwork and
Shoring Safety

Drawings

Controls and precautions against the hazardous substances and hazardous
material handling activities are essentially as covered previously in the
Material Handling parts of this module. Some specific information will
additionally be provided herein.

In handling cement, workers should wear goggles and close-fitting
clothing with gloves snug wrist, ankle, and neck bands. The use of
protective cream, and frequent washing are recommended for avoiding
skin irritations. Workers handling bulk cement should use both goggles
and respirators.

All gears, chains, and rollers of concrete mixers should be properly
guarded. Waste materials should-not be allowed to accumulate around
mixers. Ropes and sheaves should be inspected daily. Switches should
be locked in open position and tagged; fuses should be removed, and
the throttles should be closed when mixers are not operating. Power
switchers of mixers should be locked and be left in the off position
when workers are cleaning inside the drum.

Concrete buckets positioned by crane or overhead cableway should be
suspended from deep-throated hooks equipped with a swivel and safety
latch. Care should be exercised by the crane operator in swinging the
bucket, and a signal person should be engaged for safe operation.

Buggies should be kept clean without any material accumulating inside.
Handles of buggies should have knuckle guards and should not extend
beyond wheels on either side. If ready-mix trucks are unloading into
buggies, they should be routed to provide a smooth flow of traffic. If
possible, buggies should be routed in a continuous loop to minimize the
danger of collision. If a single runway is used, turnouts should be
provided. Runways should be smooth running surfaces of sufficient
width and strength to support the buggies. Stop cleats should be used

when dumping materials.

Safety of formwork involves adequate structural design and construction,

plus safe working conditions for the workers. The working drawings

for formwork should give the carpenter in the field a clear picture of

what is required and how to achieve it. Besides complete formwork

details and dimensions, the drawings should clearly indicate (15):

. Types and strengths of materials to be used in the formwork;

. Construction loads for which the formwork is designed, including
permissible concentrated loads if any;

. Limits on rates of pour and concrete temperatures;

. Planned pour sequence and schedule;

. Pouring pocket and cleanout details;

. Expansion joint details;
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Safety Factor
for Shoring

Sills

Inspection

Shoring Design
Plan

- The complete plan for shoring and reshoring, showing braces and
other details; and

. Maximum shore loadings for the mudsills, and the assumed soil
bearing values used in sill design.

Good housekeeping is important in preventing injuries caused by falling
objects, nails, splinters, etc. Workers constructing formwork or placing
reinforcing steel where there is a falling hazard should wear safety belts
or secure other forms of adequate fall protection.

Shoring and shoring equipment should have a safety factor based on
approved procedures. According to AGC (1), for normal concrete and
reinforcement, the design load (dead plus live) for formwork shoring
should not be lower than 100 pounds/square foot (psf) regardless of the
slab thickness. However, the minimum allowance for live load and
formwork should be at least 20 psf in addition to the weight of
concrete. When motorized carts are used, the design loads should be
increased by 25 psf. Shoring design should consider all details and
special conditions of the structure, including heavy beams, use of
cantilevered slabs, and the method of transporting concrete to the
placement location. The design must also consider lateral loads such
as wind, impact of placement, inclined supports, cable tensions and
forces imposed by the movement of equipment.

Sills are footings (usually wood) which distribute vertical loads to the
soil and should be capable of carrying the load without settlement or
displacement. Suitable sills should be used on any support system
where vertical shoring equipment could concentrate an excessive load
on a thin concrete section, or on any floor or support.

Continual inspections of formwork and shoring should be performed
during concrete pouring operations to make any necessary corrections
and adjustments. Before erection, all shoring equipment should be
inspected to ensure it is the type specified in the design and is free of
defects such as cracks and excessive knots in wooden members.
Tubular steel frame shoring should be inspected for excessive rusting,
straightness of parts, dents or kinks, damaged welds, and operation of
locking devices. After erection, the shoring equipment should be re-
inspected prior to placement.

The shoring design plan should be checked to ensure that:

. Layout details, including side bracing, have been met;

. All vertical shoring is plumb. The maximum allowable deviation
from the vertical is 1/8 inch in 3 feet;

. The spacing between towers and the spacing between cross bracing is
not greater than that shown on the shoring layout;

. All bracing devices are secured; and "

- All base plates or adjustment screws firmly contact the footing or sill.
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Formwork and
Shoring Removal

—

Testing of
Cylinders

Reinforcing
Installation Safety

Formwork and shoring should never be removed too early, allowing

concrete to set properly. Only personnel actually engaged in form

stripping should be allowed in the area during these operations. Hard

hats, gloves, and heavy-soled shoes should be wom. In cutting tie wires

under tension, care should be taken to prevent backlash which might hit

the body, particularly the face, eyes, or throat. Eye and face protection

is recommended. Safe removal depends on:

. Rate of strength gain in concrete;

. The accuracy of strength determination of in-situ concrete; and

. The level of temporary stress and deformation a structure can
withstand.

Tests on job-cured cylinders are used to ensure whether concrete has
attained the strength required ‘to carry the load. Job specifications and
local building codes also regulate form removal (15).

The following safety measures are recommended to reduce injuries

during rebar handling and installation (16):

. Use mechanical hoisting equipment to place bundled bars in close
proximity to the desired work location. This practice minimizes
manual handling and reduces the chance of injury.

. Use the proper lifting equipment in combination with two-part slings,
chokers, cables and guy wires to transport reinforcing bars safely.

. Space two-part slings properly to balance loads of 20 feet or longer.

. Tightly secure bundles of rebars with a tag line to prevent striking a
worker or structure.

. Tie bundles of rebar securely to prevent loads from slipping and
falling on someone.

. Never hoist bundles by the wire wrappings that tie the bars together.

. Use shackles or hooks with a safety latch for hoisting.

. Never land hoisted bundles, or drop carried bars on formwork without
ensuring the formwork is strong enough to support the additional load.
This practice can prevent possible collapse and consequent injury.

. Use jigs, frame tables and other devices to facilitate the assembly of
column cages and other prefabricated units and to eliminate constant
bending by the worker. . '

. Use at least two workers to manually transport bars of excessive
length and weight. Ensure the bars are properly tied together.

. Lift with the arms and legs-not your back.

. Wear protective gloves, especially during unloading and stockpiling.

. Wear head protection and eye protection when placing/tying rebars.

. Never wear loose clothing or jewelry which can become snagged on
rebar dowels and formwork.

. Leamn to tie rebar stifflegged instead of in a squatting position. This
practice will help prevent many aches and pains.

. Avoid field cutting and welding reinforcement. However, if necessary,
take the proper precautions with regard to hand and power tools,
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Cold Weather
Precautions

Protection
Against Cold

APPLICABLE OSHA
STANDARDS

prevention of fires and the use of personal protective equipment.

. Take measures to prevent unrolled wire mesh from recoiling. Such
measures include securing the ends or turning over the mesh.

. Ensure that the twisted ends of tie wire are turned under the rebar to
prevent puncture wounds from their sharp ends.

. Place planking over reinforcing mats to afford footing and prevent
tripping or falling injuries.

. Cover exposed reinforcing rods with wood or other appropriate
material to prevent tripping and falling injuries.

. Use recommended safety belts and lanyards with positive latches or
equivalent fall protection equipment when working at
elevations over 6 feet.

. Tie-off safety belts to secure vertical bars and ensure the safety latch
is clipped down instead of up. :

. Practice .good housekeeping.. ... ..

Extensive concreting is now carried out during periods of cold weather,
utilizing proper techniques of mixing and protection. Heaters of various
types are used to heat aggregates and other materials and to maintain
proper curing temperatures. These heaters should be frequently checked
for proper functioning. When construction areas are enclosed with
canvas, plastic film, or other materials and heated, proper ventilation
and lighting should be provided. Flame resistant material should be
used.

During cold weather concreting, it is extremely important that fresh
concrete be protected at all times from exposure to freezing
temperatures. Thin slabs lose heat rapidly and should be enclosed, if
necessary, to protect them from wind and low temperature effects.
When heated materials are used in concrete production, it is generally
advisable to add the cement to the mix last to prevent flash sets (which
harms strength). Concrete should not be allowed to dry out during
periods of protective heating. Forms should not be removed until it is
certain that the concrete has developed sufficient strength to sustain all
live and dead loads which will be imposed. Workers should wear
proper clothing to protect themselves from frost-bite, hypothermia, and
pneumonia (7).

OSHA’s 29 CFR 1926 Subpart Q is the standard which covers both
concrete and masonry construction. The full scope of this standard is
shown in Table V-6, although aspects related to cast-in' concrete are
primarily addressed in this module. )

Table V-6
29 CFR 1926 Subpart Q-Concrete and Masonry Construction

Section Topic .
. Scope, application, and definitions applicable to this subpart
1926.701 General requirements
1926.702 Requirements for equipment and tools
1926.703 Requirements for cast-in-place concrete
1926.704 Requirements for ast concrete
1926.705 Requirements for lift-slab operations
1926.706 Requirements for masonry construction
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STEEL ERECTION

Advance Planning

Field Operations

Design Hazards

Erection Hazards

Steel erection includes all activities involved in receiving, distribution,
positioning and, connecting - the structural and non-structural steel
components of a building. Depending upon the structural design of a
building, these components may include various shapes of columns and
beams, girders and trusses, purlines, etc. Steel erection operations can
be divided into two segments: advance planning and operations.

Advance planning includes preparation of the shop drawings based on
the structural design provided in the contract documents. Shop drawings
contain information pertaining to the type and physical dimensions of
steel members, connection details, welding information, erection
sequence, etc. Approval of shop drawings by the structural engineer of
record, fabricating, and shipping the steel to the construction site
according to the sequence of erection complete the advance planning
phase. Field operations for steel erection include hoisting and
positioning the steel, temporary connections, plumbing and permanently
bolting or welding the structural members, and decking and attaching
the miscellaneous (non-structural) steel members (e.g. ladders).

Inappropriate design decisions and poor construction practices are the
genesis of many hazards experienced during steel erection. Some of the
more common problems include:

. Spatial constraints imposed by design which complicates accessibility
and assembly;

. Complicated and non standard connection details, especially those
which must be performed in hazardous conditions such as high
altitudes;

. Tight tolerances and lack of flexibility for adjustment at the time of
positioning;

. Collapse due to instability of the incomplete structural frame (in cases
where the structural integrity of members are dependent on
interlocking elements or temporary bracing); and

. Failure due to design errors, or omissions on shop drawings. In many
cases these result from poor communications.

General hazards associated with welding and cutting, fall protection and

scaffolding, rigging and hoisting are covered in the appropriate sections

of this module. Some other specific hazards experienced during steel

erection include:

. Conflict with the public right of way;

. Overhead power lines and activities of other contractors;

. Fire hazards associated with riveting;

. Plank failures;

. Overloading of structural members such as decks or joists from
stacking materials;

. Failure due to improper erection sequence;

. Failure due to eccentric loading from material storage on structural
members; and ’

. Faulty workmanship at critical connection points.
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Design Precautions

Shop Drawings

" Erection
Precautions

Constructability issues should be addressed in design, including
flexibility, sequence of safe erection, non-standard connection details in
high altitudes, and sufficient tolerances and landing places to simplify
alignment and initial jointing. Extra holes in the structural components
should be provided as anchor points for safety hamesses. Bracing and
appropriate temporary support for the incomplete structural frame
should also be addressed.

Good communication between the structural engineer, fabricator and

steel erectors can go a long way to eliminate design errors. Proposed

design modifications and other concerns should be discussed and

approved by the structural engineer. Construction and material loads on

incomplete structural frames should be addressed on the shop drawings.

The extent of responsibility- of each. participant in the steel erection

operations should be clearly defined in order to prevent errors and

omissions. Shop drawings should address and encompass:

. The sequence of erection, alignment, and connections;

. Ground level assembly;

. Slinging and lifting, indicating safe lifting positions and maximum
weights of the hoisted members;

. Temporary bracing and support measures to prevent structural failures;

. Access and safe passages to critical locations;

. Safety considerations such as guard rails, safety nets, and holes
(anchor points) for harnesses;

. Stacking and storing requirements; and

. Distinctive marking for similar members to aid in identification.

Safety precautions in regard to welding and cutting, fall protection,

scaffolding, rigging and hoisting are covered in the appropriate sections

of this module. The following recommendations for safety measures in
regard to steel erection operations are additionally given here:

. Establish good mariagement controls and good discipline to assure
adherence to the erection plan and to the maintenance of safety
features;

. Monitor the structural performance of erected members by a certified
field inspector;

. Incorporate medical examination for workers with critical
responsibilities (e.g. riggers, crane operators, and workers
operating at high elevations);

. Monitor the quality of tools and materials;

. Ensure that the erection of the vertical elements are in good
coordination with the progress of the installation of the
permanent floors, and in accordance with the applicable OSHA
standards.

. Provide containers for rivets and bolts to prevent falling objects;

. Train workers on all aspects of safe erection procedures; and

. Provide all the necessary personal protective equipment.
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APPLICABLE OSHA
STANDARDS

FALL PREVENTION
AND PROTECTION

Activities Causing
Fall Hazards

Fall Prevention
vs. Protection

FALL PREVENTION

OSHA'’s steel erection safety standards are covered in 29 CFR 1926
Subpart R, which is presented in Table V-7.

Table V-7
29 CFR 1926 Subpart R - Steel Erection

Section Topic
X Flooring requirements
1926.751 Structural steel assembly
1926.752 Bolting, riveting, fitting-up, and plumbing-up

Falls from elevations, or on a given surface, can occur during a number
of construction activities. Fall hazards are also associated with
improper storage and/or handling of materials at heights, which result
in strike injuries by falling objects. Falls are most likely to occur during
the following activities:

. Using ladders and stairways

. Working on scaffolding

. Working near floor openings and other unguarded openings

. Excavations

. Working on roofs

. Steel erection

. Precast concrete placement

. Working on elevated and/or suspended platforms

. Hoisting of materials and workers

. Material handling and storage.

A substantial number of serious and fatal injuries result from falls.
Falls from heights represent one-third of all construction related
fatalities and they are the number one cause of deaths on construction
sites (17,18).

It is possible to control fall hazards in two ways:

Fall prevention and fall protection. Prevention eliminates fall hazards
by eliminating the hazardous conditions. Protection, on the other hand,
provides fall arrest and safety measures when the hazardous condition
can not be eliminated.

An important step in fall prevention is the provision of safe access and

egress by the proper use of ladders and scaffoiding. Other’ issues .
regarding fall prevention include open sides and floor openings, steel

erection and roofing activities:
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Hazards

Maintenance
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Ladder Safety

Selection, inspection, maintenance, and proper use of ladders are the key
factors in eliminating the related hazards. Selection considerations are
duration of work, location, and height. There are two categories of
ladders; portable and fixed. Portable ladders should only be used for
short durations, moderate heights, or when the ladder needs to be
frequently relocated. Portable ladders can be manufactured or job-built.
In the latter case, ladders should be constructed to meet the OSHA
standards. Ladders should be built from seasoned, straight grained
wood, free from knots and defects. Fixed ladders should be used when
regular and long term access from one level to another is required.

Ladders should be maintained in good condition. They should be
regularly inspected for damage and defects such as deterioration,
corrosion (in case of metal. ladders) and structural failure. The load
capacity requirements are specified in the OSHA standards for different
ladders. Wooden ladders should be treated with clear preservative.
Unsafe ladders should be tagged and removed from use, until repaired
or discarded.

Improper use of ladders is the cause of many accidents. The four
principal causes of such accidents are:

1) Improper ascending, descending or working from ladders;

2) Instability of ladders due to improper positioning;

3) Structural failure due to overloading; and

4) Using ladders to carry materials, tools or equipment.

To eliminate accidents associated with ladders the following measures

must be taken (19):

. Proper safety training and supervision must be instituted to ‘assure
compliance with the OSHA standards.

. Ladders must be used with free hands, facing the ladder, and
maintaining a three-point contact at all times (one hand and two feet
or two hands and one foot).

. The bottom of the ladder must be placed on a level, firm and unfrozen
surface.

"« The ladder must be secured near the top or bottom to prevent slipping
and excessive swaying. ’

. The ladder must extend three feet above its top resting point and must
be positioned so that the distance from the bottom of the ladder to the
wall is one-quarter of the length of the wall.

. Step ladders should be fully open when in use, and equipped with a
spreader. Workers should not stand on the top few rungs of the
ladder.

. In cases where access is required for an appreciable length of time,
adequately built temporary stairways should be used.

. Metal ladders should not be used near electrical equipment and power
lines.
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Scaffolding
Hazards

Scaffolding
Precautions

Proper
Housekeeping

Suspended
Scaffolds

Scaffolds are the most common means of performing work at heights.
Main hazards are:

. Falls from the scaffold;

. Objects falling from the scaffold; and

. Collapse of the scaffold.

These are mainly caused by environmental hazards, high winds,
worker’s loss of balance, or the deposition of excessive material,
sometimes near the outer edges. Partial or total collapse of scaffolds can
cause major injuries. This may be brought about by poor erection,
defective materials and fittings, inadequate support or bracing, poor
foundation, insufficient ties, and overloading.

Scaffolds are most susceptibleto collapse during erection or dismantling.
Some of the major precautions in controlling scaffold hazards are as
follows:

. The erection and dismantling of scaffolding should be carried out
according to plans prepared by experienced persons.

. The design of scaffolds should consider their purpose and location. In
addition, scaffolds must be built from sound, strong and defect-free
materials.

. Scaffolds should be designed to carry four times their intended load
which includes the workers, materials and the weight of the scaffold
itself. Adequate footing to support posts, and lateral stability by
diagonal bracing should be provided.

. Scaffolds should be tied to the building to prevent movement of
framework towards or away from the structure. Secured ladders
and stairs for safe access and egress, and other safety features such as
clearance near electrical lines, head protection, guard rails and toe
boards should be provided according to the OSHA standards.

. Overloading of the scaffold work platforms can lead to collapse, and
should not be permitted. This is especially important during
demolition where large pieces of material may drop or fall on the
platform. '

. Dismantling scaffolds should be carried out under the supervision of
experienced personnel, proceeding horizontally, in full width.
Scaffolds should not be dismantled in vertical sections, and the
detached members should not be stored on platforms.

Proper housekeeping practices for maintaining scaffolds in safe working
condition include daily inspections by an experienced and responsible
person, use of communication signs (especially for incomplete
structures) and keeping the structure clean, free from debris, tools, ice,
snow, etc., before use. Scaffolding parts should be organized and stored
in a dry and protected area. Scaffolds should be protected from
collisions by vehicles and from open fires.

Suspended scaffolds are used for light, short-term work, such as painting
and repair jobs on the exterior surface of a building. These scaffolds
are suspended by fiber or wire ropes. The most common accidents with
these devices are caused by rope or outrigger failures. Rope failures are

. generally due to excessive wear or damage that reduces their strength.
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Fall Hazards

Safety Measures

In the case of outriggers, improper placement may be responsible for
failure. Suspended scaffolds should be inspected for defects, and ropes
should have a safety factor of eight.

Mobile elevating work platforms provide a temporary support surface

suitable for short duration tasks. Falls are the most common type of

hazard associated with this equipment. Falls can be caused by the

instability of the platform, or inadvertent movements caused by

collision, obstruction, uneven ground, or overloading. Fall of materials

and workers can be prevented by the following precautions:

. Wear a safety harness at all times and attach it to a secure anchor
point within the platform.

. Prevent pedestrian access beneath working platforms.

. Prevent accumulation of loose materials on the platform.

. Avoid collisions.

Open sides and floor openings present a significant fall hazard on
construction projects. When workers are exposed to fall hazards at
elevations of six feet or more, appropriate safeguards must be
incorporated into the work place. Falls may also occur near excavations
or manholes when workers are entering or leaving the area, or when
they simply may have not noticed the opening. In sewers, fall hazards
may lead to drowning if the person experiences unconsciousness. The
most effective means of fall protection on such locations are guard rails
with toe boards, covers for openings, and hazard communication signs.
Toe boards and screens are to be used to safeguard lower elevations
from falling objects. Materials should not be placed near edges, where
such protection is not provided. Prohibiting signs can wamn workers
against entering a fall hazard zone.

Fall hazards are the greatest concern associated with steel erection
operations. High risk steel erection activities include:

. Rigging and connecting structural members, and deckmg,

. Placement of roof framing members; and _

. The collapse of incomplete structural framework.

Preventing workers from falls during steel erection should concentrate

on incorporating erection precautions in design and planning phases,

and implementing active and passive protection systems. Provisions for

fall protection equipment, safe access and egress for all work areas, and

constructability issues (such as reducing the need to work at heights)

should be addressed in deSIgn and planning. Other safety measures

include:

. Safety training, and establishing safety rules such as prohibiting
column climbing, sliding, and beam walking;

. Providing means for safe access, such as fixed ladders, scaffolds, and
power-operated mobile work platforms; and

. Providing fall arrest equipment.
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FALL PROTECTION
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Active vs.
Passive
Protection

Safety Belts,
Harnesses and
Lanyards

Safety Nets

Roofing work causes a large number of fatal and serious fall injuries,
particularly when work is performed on fragile materials (20). Flat
roofs or low pitch roofs require edge protection and barriers. Sloping
roofs, on the other hand, require crawling ladders or boards, which must
be secured to prevent slipping. Also, a catch barrier or platform should
be erected at eaves to catch and hold workers. Steep roofs (those with
pitches greater than 50°) usually require a working platform.

Fragile roofing materials are such as-asbestos, glass and plastic may fail
under the weight of the workers. The fragile or brittle nature of these
materials may not be readily detectable, so warning signs must be posted
to alert workers. Crawling boards and walkways should be provided for
crossing such roofs. Sky lights and other temporary openings on roofs
also expose workers to fall hazards. Temporary guardrails should be
placed around such openings.

' Fall protection measures must be used in situations where fall prevention

methods such as platforms and guardrails are not feasible or practical,
or the occurrence of falls is unavoidable.

Fall protection devices eliminate physical injury by minimizing or
eliminating the impact. Generally referred to as fall arrest equipment,
they may be active or passive. Active protection equipment include
items which are worn by workers to stop a fall, such as safety belts,
harnesses and lanyards. In OSHA standards these devices have been
collectively named "motion-stopping safety systems".  Passive
protection equipment are installed on the structure in order to stop the
fall before impact. The primary example of passive protection is a
safety net. Fall arrest equipment should be selected based on the task
being performed.

Safety belts and harnesses are worn around the waist and attached by
a lanyard to a secure anchor point (21). The body belt is equipped with
a D-ring which is the link to the lanyard. A hamness is a belt system
that distributes the impact of the fall over the shoulders and holds the
body upright in case of suspension. Some lanyards contain shock
absorbers in the form of tear away sticking, stretch springs, or
deforming metal strips. These can reduce the impact of the fall by
absorbing the load’s impact.

Safety nets consist of personnel nets and debris nets (1). They are
passive fall protection systems installed within or on the periphery of
structures to catch falling workers, and tools, or debris. They should be
erected as close as possible to the working level. However, OSHA
standards require that safety nets be installed no more than 25 feet
below such working surfaces. Size of the net and the horizontal-
projection beyond the outermost edge of the building are critical. Nets
should extend eight horizontal feet from the edge, and be sloped toward
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the building to catch and hold falling objects and persons. The quality
of nets, hardware and the connections must be checked and tested, and .
they must conform to the OSHA standards. Ropes should be made of
No.1 grade pure manila and nylon, and should meet OSHA’s impact

resistance requirements. Fall arrest equipment should be used only if
fall prevention is not possible. They are only effective if used properly

and maintained in good condition.

OSHA standards pertinent to fall protection are presented in Table
V-8.

Table V-8
OSHA Standards.on Fall Protection .

29 CFR 1926 Subpart L-Ladders and Scaffolding

Subpart M-Floor and Wall Openings
Section Topic
451 caffolding
1926.453 Manually propelled mobile ladder stands and scaffolds
1926.500 Guardrails, handrails, and covers

29 CFR 1910 Subpart D - Walking - Working Surfaces

Section Topic

902  Gedcml requirements .

191023  Guarding floor and wall openings and holes
191024  Fixed industrial stairs

191025  Portable wood ladders

191026  Portable metal ladders

191027  Fixed ladders

191028  Safety requirements for scaffolding

191029  Manually propelied mobile ladder stands and scaffolds (towers)
191030  Other worgm' g surfaces

29 CFR 1926 Subpart E-Personal Protective and Life Saving Equipment

Section Topic
1926935  Criteria fo;ai)crson% protective equipment
1926.96  Occupational foot protection

1926.97  Protective clothing for fire brigades
1926.98  Respiratory protection for fire brigades
1926.100 Head protection

1926.101 Hearing protection

1926.102 Eye and face protection

1926.103  Respiratory protection

1926.104  Safety belts, lifelines, and lanyards
1926.105  Safety nets

1926.106 Working over or near water

Cranes, derricks and hoists are machines that move heavy loads of
construction materials and equipment over a limited area. This
movement can be vertical or horizontal. There are many types of
cranes (22). Four major types are described below.

A mobile mechanical crane has a rigid mechanical drive from its power
plant through the transmissions, chains, gears and shafts. The basic
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crane motions are the raising and lowering of the load by raising and
lowering the crane boom, and swinging the load by rotating the crane
body. The boom is the main component of the crane. It is a long,
structurally reinforced beam consisting of three or four connected
chords. . Another section, which is known as the "jib", is mounted on
top of the boom in order to extend the reach; however, this occurs at
reduced load capacity. The operator controls the motion and the hoist,
mechanically or hydraulically. A mobile crane can be mounted on a
conventional truck or on other wheel-top carriers.

Mobile hydraulic cranes function similarly to mechanical cranes. The
motions and the power of this type of crane, however, are controlled by
hydraulic pumps which supply pressure by actuating cylinders or
hydraulic motors.

A tower crane is primarily used for high rise construction or on projects
where great mobility is not required. A tower crane consists of a
cantilevered horizontal boom that is connected to a fixed tower. The
tower is supported by other structures and sits on a foundation. The
load is suspended from a trolley which traverses the length of the boom
and gives greater flexibility to the movements of the load. The height
of the tower crane can be extended to accommodate the building
requirements during construction.

Bridge cranes mainly consist of two. types: overhead cranes and gantry
cranes. In the overhead type the load is supported by a bridge structure
equipped with a track on which a hoist system can move. The bridge
is commonly fixed to the building itself. In the gantry crane a pulley
is suspended from a trolley that can travel along a bridge-like structure.
The ends of this structure, however, rest on upright towers that move
on rubber tires (for construction sites). Some gantry cranes with
rotating bodies can serve circular spaces, where one end is free to circle
the crane.

Derricks are hoisting machines which consist of a mast and a slanted
boom (22). There are two types of derricks, one supported by guy lines
and the other by stiff legs. The boom may be fixed or it might rotate.
Derricks can be mobile or fixed. ‘A winch (a cylinder or drum around
which a chord of sling is coiled) attached to the mast provides the
lifting action by coiling the tackle through the boom hoist to which a
hook is connected. The boom and the mast can fully rotate depending
on the design.

A material hoist is another common mechanical device, used for
moving heavy loads (1). It lifts directly from above the load. It is
primarily used for raising and lowering loads, while the material is
suspended. However, a hoist can also move objects horizontally.
Hoists consist of sheaves (grooved wheels) that change the direction or
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point of application of the force. Hoists can be operated manually,
electrically or pneumatically.

The majority of crane accidents are caused by operational errors and
lack of planning. The main operational hazards on construction sites
are: .

. Overturning of the crane;

. Structural failure;

. Dropping the suspended load;

. Electrocution; and

. Incorrect erection, modification and dismantling procedures.

Overturning of the crane and structural failure can be caused by
overloading, . instability .of the. soil, improper placing and bracing of
outriggers, and sinking of outriggers into the ground. Overloading can
cause crane tipping, or damage the strength of jibs and hoist ropes,
leading to structural failure without any warning. Overloading may
occur when allowable radius for the load is exceeded. Other causes of
overloading are snatching of the load (from rest or from rapid
deceleration of suspended loads), dragging the load on the ground
(which increases the load due to frictional forces), eccentric lifting,
wind effects on suspended loads with large surfaces, and deflection of
the jib when the suspension ropes are stretched. Dropping the
suspended load is usually due to incorrect slinging. The cause may be
defective chains, slings and lifting gear, or the loads exceeding the
limits. Dropping the load may also be caused by a collision between
the load and a structure, or the crane itself.

Electrocution is also a potential hazard when the crane is operating in
the vicinity of overhead power lines. Contact with the line will conduct
the electric charge into the body of the crane and ultimately to the crane
operator and the workers who may contact the crane.

There are specific stability hazards associated with specific crane types.
In the case of mobile cranes, site gradient and soil composition are
critical for stability. Slopes as low as one percent can affect the
stability and capacity of a crane. Outriggers are commonly used in
mobile cranes to increase the base area. However, if the outriggers are
not fully extended or not pinned in position, they are not effective,
especially if the supporting soil is soft. Tower cranes are particularly
vulnerable to lateral forces and foundation instability. Inadequate
foundation support can cause a collapse. Vertical and horizontal loads,
swinging moments and overturning moments may exceed design limits
causing loss of balance. Strong winds on travelling tower cranes as
well as stationary cranes can upset the balance and cause overturning.
Guy derricks and stiff leg derricks are also susceptible to overturning
The angle between the legs and the mast or the guy wires and mast is
especially critical to stability.
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Major factors affecting the safe use of hoists are design and operating
conditions; operators’ skill and knowledge, and proper rigging practices.
Accidents associated with hoists results from: (a) failure of attachment
devices during a lift resulting in dropped loads; (b) collision with
persons or objects as consequences of uncontrolled movement of the
hoists or loads; (c) contacts occurring to personnel in work area, while
loads are being attached; and (d) failure of the structural or mechanical
parts of hoists during lifting or moving loads (23).

Advance planning of the lifting operations by cranes and hoists, and

the proper maintenance of the lifting equipment are the two key factors

in eliminating the hazardous conditions from these operations.

Advanced planning should include:

. Selection of trained and able workers, and briefing them about the
operation;

. Organizing the sequence and the process of the lifting operation;

. Identifying the correct lifting position with respect to weight and
center of gravity;

. Establishing the maximum lift height and radius to which the load
will be taken;

. Selection of appropriate crane and lifting gear for the job;

. Preparation of the path of moving loads, the routes to be taken by
mobile cranes;

. Elimination of the obstruction, excavation and electrical hazards;
assessing the soil bearing capacity; and

. Scheduling activities properly to avoid conflict of operations and
work under suspended loads.

The following precautions are recommended during crane operations:

. Assure that the suspended load does not exceed the rated capacity of
the crane;

. Assure that outriggers used in all lifting operations are equally and
fully extended;

. Keep the crane operation a safe distance from the edge of
excavations and electrical power lines. One should be prepared to
disconnect the electrical supply in case of contact between the crane
boom and a power line. The operator should be instructed to
remain in the cab, or jump out of the cab without touching the body
of the crane to avoid electrocution.

Height precautions are especially critical to tower cranes. Safe access

to the cab and the jib are important to prevent falls. '

Maintenance is extremely important in securing the safety of machinery
and equipment. OSHA standards require inspection of all machinery
before each use. Results of tests and inspections should be recorded.
Frequent inspections should be made on wire ropes and guys, hoists and
trolley cables, jib and counter weight jib guy lines, hoist rope anchorage
on winding drum, foundations, and structural connections.

The following additional safety precautions have been recommended by

CECS (24) for crane and hoisting operations:

. Assure that cranes meet applicable governmental and voluntary
standards.
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. Post rated load capacity charts, recommended operating speeds,
special warning hazards, and other essential information on cranes and .
ancillary equipment.

. Assure cranes allow for proper access, unobstructed operator view,
ergonomically placed controls with suitable locking devices, protection
against the weather, and fire protection.

. Have competent persons supervise the placement, erection, and
dismantling of cranes.

. Inspect the cranes, their components, and rigging prior to use, before
a new shift, or under changing conditions, such as, overstressing,
ground movement, etc.

. Assure that only qualified and competent individuals, well-versed in
cranes, and hoists are allowed to operate and maintain the equipment.

. Confirm the competency of rigging personnel involved in lift
operations.

. Allow only authorized personnel engaged in hoisting operations in lift
areas.

. Supply hoists specifically designed to handle the maximum anticipated
load.

. Require the safe load capacity and safe operating procedures to be
labelled on each hoist.

. Confirm that all hoists are properly installed and tested prior to initial
use. Assure hoist supports have an adequate design factor for the
maximum loads to be imposed (including weight of hoists/rigging).

. Determine the weight of the load to be lifted keeping within the
structural/stability limitations.

. Make sure the hoist and load hitch are centered above the load.

. Assure load attachments are secure and within capacity prior to the
lift.

. Make smooth lifts and movements to assure that the loads do not jerk
and fall.

. Report problems in equipment structure or functions.
. Secure the cranes and store the rigging equipment properly when not
in use.

. Maintain communication during lifts using proper signals.

Table V-9 lists the OSHA standard (29 CFR 1926 Subpart N) associated
with cranes, derricks and hoists. Elevators and conveyors are also
included in this subpart, but have not been elaborated on herein.

Table V-9
29 CFR 1926 Subpart N-Cranes, Derricks,
Hoists, Elevators, and Conveyors

Section 0

1926350 Cranes an derricks

1926.551 Helicopters

1926.552 Material hoists, petsonnel hoists, and elevators
1926.553 Basc-mounted drum h

1926.554 Overhead hoists

1926.555 Conveyors

1926.556 Aerial lifts
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operations. The machinery is used for many demanding tasks that are
beyond human capability. Earth moving equipment such as bulldozers,
scrapers, motor graders, and front-end loaders are typical of the heavy
construction equipment which perform cutting, transporting and grading.

Bulldozers are used to strip soil in layers. They move and grade
earth/rock material for distances less than 300 feet. Types are bulldozers
and angle dozers. Scrapers also strip in layers. However, they also load
the earth into bowls, and haul, spread, and partially compact it. Types
are crawler-tractor-pulled scrapers, and wheel-tractor-pulled scrapers.
They represent a compromise between best backing and best hauling
machines. Motor Graders cut, shape and grade. They have a blade
that can be set at different angles. They can be quite versatile when
fitted with rippers, backslopers, snow plows, etc. Front-End Loaders
are used to transport bulk materials, to load trucks, to excavate earth,
etc. Types are crawler and wheel loaders. Other heavy construction
equipment such as hydraulic excavators, trenching machines, tractors
and rollers are not covered in this module. Relevant information can
be found in reference (1).

There are many hazards associated with the heavy construction
equipment that are common to all. These may be listed as:

. Poor repairs and. service;

. Obstructed view in backing;

. Striking people and collision with other equipment;

. Travelling empty at excessive speeds;

. Pinch points between equipment and objects;

. Riders falling from equipment or bucket;

. Overturning of the equipment;

. Unexpected electrical shock;

"« Failure of lifting mechanisms/operational failures;

. Injuries to operators due to ingress/egress difficulties;

. Runaway machines (not blocking wheels upon parking or operator
inability to control); and

. Being struck by limbs of trees or other overhead obstructions, and
moving equipment. '

It is possible to list some general as well as specific safety precautions

associated with heavy construction equipment. Recommendations for

general precautions are as follows:

. Management should carefully select competent operators.

« Rules should be clearly set for operation.

. All equipment should be kept in good working condition.

. All new machines should be equipped with rollover protection. _

. Existing machines with rollover protection should be maintained in
working condition.

. Adequate illumination should be provided for night operations.
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. Dust must be kept down on all roads.
. Operators must be given clear and specific instructions.

.+ All personnel should be clear of the work area.

. Unauthorized -riding on the equipment should be prohibited.

. Speeds should be consistent with job conditions and OSHA
requirements.

. Signal person is needed in busy areas.

. Equipment should have an audible reverse signal alarm system which
will operate automatically with backward movement.

. Repairs should be done when the machine is not running.

. During refuelling operations, all personnel in the vicinity should stop
all motors and refrain from smoking.

. Personal protective equipment (hard hat, steel toed shoes, gloves,
safety glasses, respirators, etc.) should be used at all times.

Specific precautions for specific equipment are also available. Typical

bulldozer precautions are given below:

. On steep grades, the blade should be lowered to secure a load, and
should not be jammed into the earth (this may cause overturning).

. To avoid overturning in filling operations, bulldozers should not get
too close to the edge, and side hill travel should be avoided.

. When coupling a tractor to another piece of equipment, the bulldozer
should be stopped, put in neutral gear and the brakes should be set
before a person is allowed to couple the equipment.

. Master clutch should be disengaged, engine idled, and brakes locked
when receiving a wire rope on a drum or through sheaves.

Important scraper precautions are:
« During downhill motion, scraper should remain in gear to prevent
speeding and brakes should be used to control speed.

. Sharp down hill turns and turns top heavy with the apron up should
be avoided.

. Bowls should be blocked up when blades are being replaced.

Typical safety precautions for motor graders are listed below:
. The equipment should not be used on slopes greater than 45 degrees
to avoid overturning.
. When operating on highways, graders should be kept to the right side
of the roadway. Flagmen should warn traffic and warning
devices such as flags, flashing red lights, and the "slow moving
vehicle” emblem should be properly displayed.

. The blade should be extended when scraping shoulders to prevent
overturning,
. Operators should be aware of rocks, logs, trees when sloping banks.

Some typical front-end loader precautions are as follows:
. Prohibit unauthorized riding or use;
- Maintain speed limits as required by OSHA.
. Prohibit jumping from or climbing on the equipment while it is in
motion.

Training of workers on all cases is essential, and must include a review
of potential hazards and familiarization with the equipment.
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The OSHA standards for heavy construction equipment are covered in
29 CFR 1926 subparts N and W, which also include the standards for
motor vehicles. Table V-10 groups them together, although safety
information on motor vehicles will be provided separately in the next
section.

Table V-10
OSHA Standards for Heavy Construction Equipment
and Motor Vehicles

29 CFR 1926 Subpart O-Motor Vehicles,
Mechanized Equipment and Marine Operations
Section Topic

X Equipment
1926.601 Motor vehicles
1926.602- Material- handling -equipment--
1926.603  Pile driving equipment
1926.604  Site clearing
1926.605 Marine operations and equipment

§9 CFR 1926 %ubpart W-Rollover Protective Structures; Overhead Protection
ection opic
X Rollover protective structures (ROPS) for material handling equipment

1926.1001 Minimum performance criteria for rollover protective structures for
designated scrapers, loaders, dozers, graders, and crawler tractors

1926.1002 Protective frame (ROPS) test procedures and performance requirements for
wheel agricultural and industrial tractors used in construction

1926.1003 Overhead protection for operators of agricultural and industrial tractors

Transporting material and personnel on and around construction sites,
especially on large, complex projects, require special attention to traffic
operations and vehicle related safety hazards. Numerous injuries and
fatalities occur because of mishaps involving construction vehicles on
and off the construction project sites. On site aspects are the primary
focus on herein.

Mishaps occur during loading and unloading operations, during
mounting and dismounting of personnel, from collisions between the
vehicles or between vehicles and fixed objects (e.g. temporary and
permanent structures), from run-away vehicles, and from vehicles
running over people or striking them. Overtuning of vehicles caused
by steep terrain, earth slides, improper loading or overloading of the
vehicles, unsafe vehicles, and driver errors are the other common motor
vehicle hazards. The absence of law enforcement on private
construction sites may encourage unsafe and reckless practices, such as
riding vehicles at high speeds or jumping off the vehicles while in
motion. Lack of planning for an effective site transportation system,
failure to supervise the traffic operations, improper maintenance
practices and lack of adequate training efforts are fundamental
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contributors to motor vehicle safety problems on construction sites.

Safety precautions for construction motor vehicles can be listed as

follows (1):

. Establish a site traffic system which includes the planning of routes
and installation of appropriate traffic and hazard signs.

. Segregate vehicles from the pedestrians and construction activities by
means of physical barriers wherever possible.

. Restrict the traffic movement to assigned routes, parking and loading
areas.

. Provide adequate width to allow for safe movements (turning at
corners, etc.).

. Communicate site hazards such as excavations, rough terrain,
underground -utilities and other obstructions to all concerned personnel.

. Provide adequate lighting for motor vehicle routes and work areas.

. Maximize one-way traffic operation, and eliminate vehicular and
pedestrian crossings.

. Minimize reverse motion of the vehicles; prohibit construction
activities from areas where vehicles have to reverse; use audible
warning and/or signal person when reversing is necessary.

. Maintain the construction roads in safe condition, and grade regularly.

. Assure the competence of drivers.

. Enforce speed limits and traffic regulations on the construction site.

. Train and supervise all employees with regard to the hazards of site
traffic.

. Assure that the employees do not ride vehicles in unsecured positions,
or ride in vehicles which are not designed for transport of personnel.

. Prohibit overloading; properly block vehicles while loading.

. Instruct drivers not to remain in cab while the vehicle is being
unloaded. .

. Perform routine inspections on the vehicles for mechanical safety (e.g.
the steering wheel, brakes, and emergency brakes); keep all windows
clean for good visibility.

29 CFR 1926 Subpart O, which is also presented in Table V-10 covers
motor vehicle safety.

Hand tools are used in a great number of construction activities, from
formwork erection to finishing of dry wall and installing hardware.
Hand tools may be classified under three categories: manual tools,
power hand tools, and powder actuated hand tools. The first class of
tools are those that are manually operated; they include common tools
like hammers, wrenches, saws, etc. Power hand tools are portable tools
which are energized by electricity, gasoline, or compressed air. The
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powder actuated tools utilize explosive charges to drive fasteners into
position. These tools do not require an independent power source, and

. can be used without cables. Powder actuated tools are of two basic

types: direct-acting and indirect-acting. In the first case, the expanding
(explosive) gas force acts directly on the fastener, driving it along the
barrel. In indirect-acting tools the gas force acts on a captive piston
which in turn drives the fastener into position. There are three classes
of powder actuated tools based on power and velocity. These are low
velocity class tools with a test velocity of 300 feet per second; medium
velocity class tools with a test velocity between 300 feet and 500 feet
per second; and high velocity class tools with a test velocity over 500
feet per second. The most common powder actuated tools are of the
low velocity class, and of the indirect type. Some tools include
provisions for varying the velocity. - Safe work practices associated with
the use of hand, power, and powder actuated tools are covered in
AGC’s Manual of Accident Prevention in Construction (1).

Hazards associated with manual hand tools can be caused by poor

maintenance, poor housekeeping and improper use. Some of these

hazards are:

. Using damaged tools (examples are defective handles in hammers and
saws, and wom-our wrench teeth which can cause slippage);

. Poor housekeeping and improper storage, which can expose sharp
edges and create tripping hazards;

. Electrocution hazards caused by metallic tools (metals are good
conductors of electricity); .

. Misuse of tools, or using tools for wrong tasks; and

. Foreign body in the eye, which is a common injury due to lack of eye
protection while operating or sharpening the tool.

Portable electric hand tools are very popular on construction sites. Most
accidents involving these tools are due to damage or internal defects,
and improper grounding (or no grounding). Other accidents are caused
by defective insulation of the connecting cables, faults and defects in
conductors, defective enclosures, and damaged receptacles and sockets.
Many of these defects can cause electrocutions. Defects in these tools
may be due to overworking, overheating, or damage to insulation or
grounding. Damaged cords have been the cause of many construction
accidents. Reverse polarity in wiring (the reversal of hot and neutral

‘wires) can also cause electrocution. Use of electric tools in wet areas

exposes the operator to shock hazards.

A variety of saws are used in many construction operations such as
carpentry, concrete work, cutting masonry, etc. Power saws are
commonly used for these operations. There are four basic types of
saws: portable hand saws; table or bench saws; swing cut-off saws; and
chain saws. Some hazards associated with all of these types of saws
are as follows:
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. Poorly maintained saws may lack fixed guards over the blades, and the
blades may not be adequately secured.

. During use, material being cut may not be adequately supported.

. Dust inhalation can be a problem.

. Operator distraction can cause accidents.

. Foreign objects (such as nails) in the material can shatter and fly in
pieces upon contact with the blade, and injure the operator.

Other power tools such as drills, grinders and sanders also present
hazards to the operators. The most common hazard is the generation
of flying particles during grinding, which can cause injury, particularly
to the eye. Overspeeding and incorrect mounting of wheels on grinders
can crack the wheel while it is rotating. This cracking could lead to
wheel bursting, which could injure the operators.

Powder actuated tools operate with great force, and are potentially lethal.

Inadequate training, incompetent and irresponsible use are the primary

factors contributing to hazardous conditions. Basic hazards associated

with powder actuated tools include:

. Attempting to use the tool on unsuitable materials;

. Thorough penetration caused by excessive velocity, changes in the
consistency of material penetrated, or voids in the material;

. Ricochet caused by positioning the fasteners into very hard materials
or near the edges;

. Spalling of the material (e.g. in concrete spalling is caused by the
initial compressive impact.)

. Misfiring; and

. Operating near explosive materials.

All tools should be kept in safe working condition, stored properly in
suitable containers, and protected against corrosion. Adjustable parts
should be lubricated to prevent wear and misalignment. Tools should
be maintained regularly. Damaged tools should not be kept on the
jobsite, and should be repaired properly. Personal protective equipment
should be used during tool use, the choice depending on the nature of
the task. Eye protection, safety helmets, gloves, steel toed shoes,

_ respirators, etc. are effective shields from injury. Tools should be

properly selected for the particular operation. For example, manual
saws should be selected based on shape and size with correct teeth for
the size of cut and the material being cut.

All tools should be equipped with adequate guards and safety devices.
Electric tools should be equipped with ground fault circuit interrupters.
Extension cords should be durable and be weather proofed. Cords
should be rated for outdoor use, but should still be kept away from
water, since moisture can seep into insulation. Cords should be
inspected to ensure that the entire length of insulation is intact and the
plug pins are not damaged. All tools must use a three-wire cord with
a grounding plug.
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The work environment should have sufficient unobstructed space and
adequate lighting around the tool. Adequate ventilation (to eliminate or
minimize hazardous dust or fumes) should be provided at all times.
With the exception of those which are hand-held, tools should be
properly fixed, using non-kickback attachments to avoid movement
during operation. Saws should not be in motion except during cutting.
Blades should be sharp, securely fitted to rotate in the correct direction.

To avoid hazards and injuries resulting from powder actuated tools the
operators must guard against misuse. Tools should not be loaded until
the operator is ready to use them. They should be unloaded when the
tool is carried around, and most importantly, they should not be pointed
at others. To avoid thorough penetration, spalling, edge failure, and
ricochets, the material receiving the fastener should be examined in
terms of consistency, ‘density and compressive strength.  After
examining the material, the most suitable velocity, fastener size and
location should be determined. Stable footing and platforms should
always be provided particularly when working at elevations. In case of
misfires, the tool should be pressed against a surface for at least 30
seconds to allow for delayed detonation. Cartridges that have misfired
should be removed and stored in a metal box. Powder actuated tools
should only be issued to trained operators. They should be stored in a
dry and cool place and access to them should be controlled.

Most accidents created by hand and power tools can be minimized
through adequate training. No worker should operate any tools without
proper training in their safe use. The training program must stress not
only the technical details as recommended by the manufacturer, but also
clarify that powder actuated tools can be lethal.

OSHA standards dealing with hand and power tools are presented in
Table V-11. ‘

Table V-11
OSHA Standards on Hand and Power Tools

29 CFR 1926 Subpart I - Tools - Hand and Power
Section Topic

1926.301 Hand tools

1926302 Power-operated hand tools

1926.303 Abrasive wheels and tools

1926.304 Woodworking tools .
1926.305 Jacks-lever and ratchet, screw and hydraulic
1926.306  Air receivers .

1926.307 Mechanical power-transmission apparatus

29 CFR 1910 Subpart P - Hand and Portable Powered Tools
and Othe_li‘ Hand-Held Equipment

opic
T910.2732 Hand and portable powered tools and equipment, general

1910.243° Guarding of lpo\'tnb e powered tools
1910.244 Other portabie tools and equipment
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Electricity is present in almost every aspect of the building
environment. Aside from post occupancy needs, electricity is an
Jintegral part of the construction process. It is used for site illumination,
and as a source of power for energizing various tools and equipment.
CECS (25) has presented some useful information on electrical safety,
which is summarized in the following paragraphs.

Electricity is dangerous because it rarely gives any advance wamning
of its potential danger. Unlike other hazards, electricity can not be seen
or heard; therefore unintended human contact is always a possibility.
Electric shock is a major hazard and its severity depends on the amount
of current, duration of the contact, and route of entry. Shocks with high
levels of electricity (amperage and voltage) can cause fibrillation of the
heart which may lead to death; however, small currents can also be
lethal. Electrocution is one of the most common causes of construction
related fatalities. Electric shocks cause external bums and internal
damage, muscle contractions, and loss of balance which can lead to falls
from elevations.

Overhead power lines and underground cables are the basic means of
electric supply and distribution. Generally, high voltage electricity is
routed on uninsulated overhead lines. If equipment booms come in
contact with overhead power lines, electric arcs may travel a
considerable distance and expose workers to the risk of electrocution.
Underground cables can be damaged during excavation operations. In
cases where machine operators come in contact with underground
cables, fatal injures are possible.

Receptacles and connectors are the most common means of electrical
distribution. Damaged or defective receptacles and connectors are hidden
hazards, since they can energize metal components. Improper
grounding and temporary wiring can also cause electric shocks. Lack
of proper grounding resuits in shocks from internal current leakage to
the enclosure of equipment. A person coming in contact with the
equipment provides a path for the electric current. Workers holding
tools usually experience a tightening of the grip allowing more current
to flow, increasing the danger of electrocution. This is because the
involuntary muscle contraction extends the time the person is in contact
with the current.

Site distribution systems provide power to energize electrical equipment,

and site illumination. Much of the wiring will be temporary; however,
makeshift installations with poor workmanship, inferior materials, and
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inadequate safeguards create electrocution hazards.

Other common hazards in electrical work include:

. Unsafe installation operations, such as poor splicing;
. Faulty insulations;

. Overloading of conductors;

. Electric current in wet and moist areas;

. Fire hazards associated with generated heat;

. Vehicular collision with outdoor electrical equipment;
. Access to live parts by unqualified personnel; and

. Inadequate work space around electrical equipment.

Some practical steps - can prevent the danger of electric shocks to
construction workers. These are described in the following paragraphs.

To avoid contact with overhead cables, crane operations should be kept
away from power lines a minimum distance of ten feet or more
depending on voltage rating of the line. Suitable barriers such as posts,
tension wires and earth banks should be placed at points where
overhead cables present a hazard. When working beneath the overhead
cable is unavoidable, precautions must be taken to prevent contact
between the cables and ladders, scaffold poles, and construction
equipment. It is particularly important that a person.observe the
equipment clearance from power lines and wam the operators of
possible hazards.

The foremost precaution in underground cables is the correct
identification of all installation locations, routes, depths, and voltage.
Before commencement of excavation work, the local electric company
or an authorized state agency must be consulted. All buried cables
should be considered live and lethal. Hand digging should replace
power and metal tools when workers are nearing the assumed cable
location.

Effective grounding is a procedure that prevents harmful voltage leakage
between electrical enclosures and their surroundings. This is generally
accomplished by connecting all electrical enclosures together, by
connecting the complete electrical installation to its surrounding, and by
providing a low impedance path from every enclosure back to the
service entrance. These steps reduce the intensity of shock. Also, a
grounding conductor must connect the equipment enclosure to the
receptacle and to the service entrance. Damaged wiring and improperly
installed grounding conductors are ineffective and dangerous.
Consequently, a device known as "ground fault circuit interrupter”
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(GFCI) has been developed to constantly monitor the flow of current
through the branch circuit conductor. This device will detect even a
small amount of current that would not trip fuses and circuit breakers.
A GFCI detects leakage in tools, and allows the current to flow to the
ground.

Other precautions to assure safe electrical work are as follows:

. Wiring with appropriate insulation and adequate current carrying
capacity should be used to prevent overload and heating.

. Switches, fuses, circuit breakers and other control devices should be
enclosed and grounded.

. Site illumination should provide adequate light for safe working
conditions. Temporary lights should be positioned as high as

. possible, .and the light poles and high posts should be secured. Special
attention should be given to the illumination of critical areas such as
floor openings, tunnels and shafts, and stairways. Portable lights
should have insulated handles, lamp cages and enclosed wiring.

. High voltage power lines (440 volts or higher) should have adequate
vertical clearance.

. Live electrical parts should be guarded to prevent accidental contact.
. Electrical installations in wet or damp areas (excavations and trenches)
should be placed on dry areas where workers can stand. Non-metalhc
items should be used, wherever possible.

. Exposure of electrical installations to explosive and flammable
materials should be prevented. Switches, circuit breakers, and other
control devices should not be installed near such materials; if
unavoidable, special parts should be used.

As a general safety measure, a comprehensive safety program should be
established. This program should emphasize training on the hazards of
electricity, and should include routine inspections by qualified persons.
An effective maintenance program should be instituted to identify and
correct the problems. Access to live electrical parts should be restricted
to qualified personnel only, and a hazard communication program
should be established to identify the hazards associated with electrical
equipment. All circuits should be marked to indicate their voltage and
intended use. High voltage junction boxes, and transformers should be
clearly marked with wamning signs. Many subcontractors utilize on-site
electric installations to perform their tasks (HVAC subcontractors,
communication subcontractors etc.) Supervisors must monitor these
activities to assure safe practices, especially on alteration work.

First aid treatment may be required if a worker receives an electrical
shock. The current.should be switched off before touching the victim.
If this is not possible, the victim should be freed using heavy duty
insulating gloves or other insulated material. Resuscitation may be
applied if necessary.
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Table V-12 covers OSHA'’s standards on electrical safety.

Table V-12
OSHA Standards on Electrical Safety

29 CFR 1926 Subpart K-Electrical

Section opic
1926403  General requirements

1926404 Wiring design and protection

1926.405 Wiring methods, components, and equipment for general use
1926.406 Specific purpose equipment and installations

1926.407 ! ousu?glassiﬁed) locations

1926.408 Special systems

1926.416 eneral requirements

1926.417  Lockout and ing of circuits

1926.431 Maintenance of equipment -

1926.432 Environmental deterioration of equipment

1926.441 Batteries and battery charging

29 CFR 1910 Subpart S - Electrical
Section opic

. Electric utilization systems

1910.303  General requirements

1910.304 Wiring design and protection

1910.305 Wiring methods, components, and equipment for general use
1910.306 IS_rpec c purpose equipment and installations

1910.307 Hazardous (classified) locations

1910.308  Special systems

1910332  Training .

1910.333  Selection and use of work practices

1910.334  Use of equipment

1910.335  Safe, or personnel protection

29 CFR 1926 Subpart V-Power Transmission and Distribution
Section opic

1926930 General requirements

1926.951 Tools and protective equipment

1926.952 Mechanic «}:!ipmem

1926.953 Material handling

1926.954 Grounding for protection of employee

1926.955 Overhead lines

1926.956 Underground lines

1926.957 Construction in energized substations

1926.958 External load helicopters

1926.959 Lineman’s body belts, safety straps, and lanyards

Excavation and trenching operations are essential to many types of
construction projects. Foundations, drains, sewers, and underground
utilities are part of a great majority of construction projects, requiring
excavation or trenching. Excavation is the removal of soil and rock
from the original location. The behavior of soil during excavation is
dependent on its composition and the environmental conditions. Soil
composition varies, from sand which flows easily, through silt to clay
which is cohesive. Water is often present in soil to some degree and
affects soil behavior. Many types of soils can not support their own
weight during excavation. Therefore, some form of support is often
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required. The exact method of support will depend on the soil type, as
well as site and ground water conditions. In shallow trenches, or
excavations with depths less than five feet, sloping or shoring may not
be required if the soil is cohesive. For deeper trenches, support will be
required as decided by a qualified person.

Detailed information on excavation and trenching hazards has been
presented by CECS (26). The primary hazard in excavation operations
is the possibility of cave-ins, or earth slides, burying workers in the
trenches. Many of these accidents result in death. Persons buried
beneath the soil become unable to breath and ultimately suffocate.
Complete burial is, in fact, not necessary to cause death. Pressure of
surrounding soil will force air from lungs and prevent further breathing.
The. likelihood of rescuing.buried.workers in such_cases is usually not

. very high because heavy equipment can not be used to uncover victims

for fear of causing further injuries. Furthermore, sending rescuers
inside a caved-in trench exposes more persons to the same danger.

The four important factors that contribute to cave-ins are as follows:
1) Weight: Weight is generated by the soil itself, construction
equipment and vehicles, or other objects.

2) The amount of water in soil: excessive moisture or lack of moisture
can weaken the soil leading to collapse.

3) Vibrations: Vibrations are caused by activities such as vehicular
traffic, blasting and pile driving.

4) Soil composition: The composition and structure of the soil affects
its stability during the excavation process. Mechanical failure due to
removal of lateral support is also a critical factor in cave-ins.

Water, either by rain or percolation, can effect the lateral resistance of
soil. Water can enter the dry soil through cracks and voids and cause
softening and sudden loss of strength. In cold climates freezing and
thawing can affect soil strength. Water can also increase the weight of
soil, and act as a lubricant contributing to slippage. Vehicle traffic,
especially large trucks and operation of heavy construction equipment
can cause soil displacement and instability. Other hazardous conditions -
are created by placing excavated earth, pipes and shoring equipment too
close to the trench to form additional (surcharge) loads. Impacts during
unloading of these materials can lead to cave-ins as well.

There are certain excavation hazards that may be particular to a specific
location, such as a trenching operation at or near previously excavated
ground.  Excavation reduces the inherent strength of the soil
Therefore, starting a new excavation on previously excavated ground
increases the possibility of a cave-in. Where new excavation is planned
close or parallel to a previously excavated trench, it must be recognized
that the ground between them may be particularly susceptible to
collapse. Hazards are also caused by differing strata within a soil cut,
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or by pockets of weak soil at the site. Existing vegetation such as large
trees extract the soil moisture through their roots and may contribute to
loss of soil strength.

One of the greatest hazards encountered during excavation is the collapse
of adjacent structures which can result in catastrophes and fatal injuries.
In construction projects involving proposed additions and renovations
a new trench is commonly excavated close to an existing foundation
wall. If the soil is removed to a depth that is equal to or greater than the
depth of the existing footing, and proper shoring is not provided to
support the existing structure, the loss of bearing support of the
excavated soil may cause a partial or full collapse of the existing
structure. ’

Although cave-in failures are generally the major concern in excavation
operations, other hazards may also be encountered. Excavations are
performed for a variety of purposes and they involve a variety of
activities. Physical injury from falls or falling objects, exposure to
buried electrical cables, and hazards associated with confined spaces are
also of major concern, and should not be overlooked.

Excavation cave-ins are preventable if certain precautionary measures
are adopted. It is important to recognize that visual inspection of soil
stability is not sufficient to assure the long-term safety of an excavation
because one can not anticipate the changes in the weather, rainfall, or
future unsafe practices. Therefore, soil analyses must be conducted by
a competent person, i.e. a geotechnical engineer, who will determine the
adequate support system depending of the nature of the excavation, soil
and ground water conditions.

Shoring is the support system designed to prevent the lateral movement
of soil to prevent cave-ins. It is commonly used for deep excavations
which are five feet or deeper. Various shoring systems are available to
prevent excavation cave-ins. Aluminum hydraulic shoring systems have
been developed as an economic method to assure the safety of workers.
Their light weight and adaptability to varying conditions make them
very attractive. Other shoring systems include vertical shores for
compact soils ("skip shoring"), stringer systems providing horizontal
support for intermittent or solid sheathing for relatively unstable soils,
and manhole braces.

Shoring systems must incorporate certain precautionary features to assure

the safety of workers. These are:

. Providing effective means of access and egress, such as securely fixed
ladders in trenches that are four feet or deeper;

. Erection of temporary barriers to guard against falls; and

. Construction of diversion dikes and ditches to provide drainage of the
adjacent area, which will prevent water from entering into a trench.
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Sloping is a method which involves cutting the side walls of an
excavation to form a safe angle for soil stability. This is called the
angle of repose, which represents the angle at which the soil settles to
a natural state with no tendency to further settle to a shallower form.
The angle of repose varies with the specxﬁc soil conditions; however,
it can not exceed 45 percent. Slopmg is not a practical approach for
deep excavations because it requires excessive removal and replacement
of soil. However, sloping can be effectively used in conjunctxon with
shoring. Typically, the top of the trench is sloped in such cases to
allow for easy installation of the shoring system at lower depths.

Trench shields (boxes) are essentially used as "personnel protectors".
Such devices are commonly placed in an already excavated, but
unshored, trench or pit: Normally, the trench walls remain intact long
enough to complete the construction. If they collapse, however, a
properly designed shield must be capable of withstanding the maximum
anticipated lateral soil stress at a given depth. This minimizes the
potential for worker injury. Trench shields are most often used in open
areas away from existing utilities, streets, and buildings that may require
a support system. If ground conditions are favorable and the trench
zone requires no direct support, the use of a trench shield may be an
excellent choice. However, when the job calls for strict compaction and
replacement requirements, one must be cautious. If unstable soils
slough off as the shield is pulled up the trench line, it could make
proper construction a difficult and costly task (27).

Inspection of excavations by a competent person can assist in assessing
the soil stability and the quality of the shoring system. Daily
inspections should be performed. Attention should be directed to the
following during the inspections:
. Bulges on trench walls, cracks near the edges and walls.
. Accumulation of loose rocks fallen from the trench wall;
. Water in the excavation area;
. Soundness and quality of the shoring materials; e.g. decayed timber;
and
. Improper connections in the shoring system, and other sxgns of
distress;

Other safety measures adopted to protect the workers against excavation

hazards are as follows:

. Keep the excavated soil pile at least two feet from opening to avoid
excessive surcharge pressure.

. Keep all vehicles and equipment away from the trench

. Be aware of vibrations, overhead utilities, and underground utilities.

. Be aware of toxic fumes; toxic fumes can seep through the soil and
accumulate at the bottom of an excavation. Clean air should be
provided in sufficient volume to dissipate the toxic gases.

. While excavating the soil, clear all unnecessary workers from the area.
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. Protect the public by installing guardrails, barricades and warning
signs around the excavation area. -

OSHA standards for excavations, trenching, and shoring are covered by
in CFR 1926 Subpart P, which is presented in Table V-13.

Table V-13
29 CFR 1926 Subpart P-Excavations, Trenching, and Shoring

Section Topics
.60  Scope, application, and definitions applicable to this subpart

1926.651 General protection requirements

1926.652 Requirements for protective systems

Confined spaces are enclosed areas having limited access or egress (7).
They can be storage tanks, boilers, bins, silos, etc. which are accessible
through a manhole. Confined spaces commonly encountered on .
construction projects include basements, trenches, shafts, bore holes,
ducts, pipelines, drains and sewers. Entry into confined spaces can be
hazardous and requires special care. Fatal accidents in confined spaces
are common.

The atmosphere in confined spaces may be hazardous due to lack of
oxygen, presence of toxic agents, or presence of flammable and
explosive gases. Other hazards in confined spaces include moving parts
of machines, extreme temperatures, collapses and cave-ins, and sudden
flooding. Difficulty of access and egress, and difficulty of moving in
confined spaces amplify the impact of these hazards. Some specific
hazards are discussed below.

Small drops in oxygen level can cause loss of balance and concentration,
breathing difficulties, and fatigue; and continued drop of oxygen level
may result in unconsciousness and death by suffocation. According to
NIOSH (28), an oxygen-deficient atmosphere has less than 19.5%
available oxygen (O,), requiring an approved self-contained breathing
apparatus (SCBA). Atmospheres with less than 16% O, cause faulty
Jjudgement and rapid fatigue. Atmospheres below a 6% O, level create
breathing difficulties and cause death in minutes. Oxygen deficiency
is most commonly caused by gas leakage into the confined space,
oxidation due to corrosion or bacterial growth, and exhaustion of the

"oxygen supply due to inhalation and combustion.

Presence of toxic gases in sufficient quantities is another source of
hazard. Hydrogen suifide is a toxic gas commonly produced by the
decomposition of organic matter and is often present in the sewer
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systems. Hydrogen sulfide is both toxic and explosive. Another highly
explosive gas, methane, is also often present in sewer lines. Other lethal
gases are carbon dioxide which is naturally present in soil, and carbon
monoxide which is usually produced by internal combustion engines.
Leakage can cause chemical vapors to poison a confined space
atmosphere; ammonia and chlorine are typical toxic fumes that may be
encountered.  Nitrous fumes may be left in a confined space
immediately after explosive operations. Very small quantities of certain
vapors and gases can cause fire and explosions. While methane and
hydrogen sulfide are explosive gases, petroleum and vapors of solvents’
such as acetone and toluene can cause fire.

Good advance planning and adequate training in safe methods of work
in confined : spaces will enable' workers to enter these areas safely.
Training will vary according to the nature of the activity and the
confined space. The training program should consider the role of
supervisors, workers, persons outside the confined spaces, and rescue
personnel. A permit-to-work system, in which each step is planned and
authorized, is required for confined space entry. Other alternatives to
entry should be considered for confined space operations wherever
possible. If entry to the space is unavoidable, then appropriate
breathing apparatus should be considered. The use of mechanical or
forced ventilation is the first choice. Before entry into a confined
space, the space should be withdrawn from service and be isolated from
electrical and mechanical sources.

Personnel planning to work in confined spaces should check for leakages
and test the atmosphere for oxygen, and flammable, explosive and toxic
gases. Once begun, the operation should be constantly monitored.
Personal protective equipment such as breathing apparatus, harnesses,
lifelines, and rescue equipment must be provided and used as necessary.
Personnel must be informed on the details of activities and the required
communications. A trained person should be in attendance and in
continual verbal communication with the workers in confined spaces
throughout the operation.

Rescue operations may be needed when a person is injured, or collapses
in a confined space, becoming unconscious. Rescuers must wear
breathing apparatus and safety harnesses that are attached to a lifeline
before entering the space. The rescue equipment must include lifting
tools such as tripods and winches to carry the unconscious workers.

OSHA has recently issued its final general industry rule for Permit-
Required Confined Spaces (29 CFR 1910.146). The standard does not
apply to the construction industry; however, contractors are required to
protect their employees from confined space hazards. In addition,
OSHA'’s Construction Industry Safety Training and Education Standard
(29 CFR 1926.21, paragraphs 6(i) and 6(ii) ) requires construction
employers to protect their employees from confined space hazards.
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Some construction projects may be planned for sites that are
contaminated. Contamination is generally caused by domestic or
industrial waste, or from the production and storage of hazardous
substances. Soil contamination is most likely to be encountered on sites
such as production and storage sites for materials like asbestos,
chemicals, explosives, petroleum, metal smelting, paint, steel, etc.
Other sites that may be contaminated include dockyards, landfills,
mines, quarries, scrap yards and sewage treatment sites. In recent
years, public awareness of environmental problems has generated much
debate on this issue. Consequently, governments at all levels have
enacted legislation requiring the cleanup of contaminated sites, which
include provisions for the protection of the personnel employed on these
operations.

Contaminated sites pose a number of health and safety hazards, which
could cause injuries and illnesses. Several factors distinguish the
hazardous waste site environment from other occupational situations
involving hazardous substances. An important factor is the
uncontrollable conditions at the site. In addition, the location and extent
of contamination is not always known, and boring and sampling may
not properly identify the entire problem. It is also important to
recognize that contaminants are subject to relocation with the movement
of the ground water.

A large variety and number of substances may be present in a given site.
Any individual location may contain hundreds of chemicals, which can
present hazards to human and public health. Frequently, an accurate
assessment of all chemical hazards is impossible due to the large
number of substances present and the potential interactions among the
substances. In addition, the identity of the substances is frequently
unknown, particularly in the initial stage of a site investigation. Most
of the sites contain substances that may be in gaseous, liquid or solid
form. These substances may enter the body by inhalation, skin
absorption, ingestion, or through a puncture wound. A contaminant can
cause damage at the point of contact, or can act systematically causing
a toxic effect at a part of the body distant from the initial point of
contact. Depending on the toxic material and the duration and
magnitude of exposure, adverse physiological reactions such as
asphyxiation, irritation, allergic sensitization and other chronic illnesses
can be experienced. '

Besides the chemical hazards, site contamination may be caused by
biological agents or radioactive materials. Biological agents are

transmitted to the human body by living organisms such as bacteria,
fungi, and viruses. Radioactive materials emit harmful radiation in the
form of alpha and beta particles and gamma waves. They possess no
warning signs such as odor, taste and irritation that would alert the
workers to the imminent danger. Radioactive materials commonly pose
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long term health hazards.

Many potential hazards for fire and explosions are also present at a
hazardous waste site. These include chemical reactions, ignition of
explosive or flammable chemicals, ignition of material due to oxygen
enrichment, agitation of shock -or friction- sensitive compounds, and
sudden release of materials under pressure. Explosions and fires may
arise spontaneously. However, more commonly they result from site
activities, such as moving drums, accidently mixing incompatible
chemicals, or introducing an ignition source into an explosive or
flammable environment. Explosions pose the obvious hazards of
intense heat, open flame, smoke inhalation, and flying objects, as well
as causing the release of toxic chemicals into the environment.

Finally, workers are subject not only to the hazards of direct exposure,
but also to the danger posed by the disorderly physical environment of
hazardous waste sites, and the stress of working in protective clothing.
Trips and falls, striking objects and construction equipment and motor
vehicle mishaps are the types of accidents involving physical hazards
which can injure workers. Site personnel should constantly look for
potential hazards, and should immediately inform their supervisors of
any new hazards they note, so mitigative action can be taken.

OSHA has developed a ten step program to address the health and
safety concerns of employees involved in contaminated site cleanup
(29). These steps encompass:

1) Planning and organization;

2) Training;

3) Medical programs;

4) Site characterization;

5) Air monitoring;

6) Personal protective equipment;

7) Site control;

8) Decontamination;

9) Handling drums and other containers; and

10) Site emergencies.

Adequate planning is the first and the most critical element of hazardous
waste site activities. The four aspects of planning are:

1) Developing an overall organizational structure for site operations to
identify the personnel needed, establishing the chain of command, and
specifying the overall responsibilities of each employee;

2) Establishing a comprehensive work plan that considers each specific
phase of the operation; .

3) Developing and implementing a site safety and health plan, which
should determine the health and safety concerns for each phase of the
operation and define the requirements and procedures for worker and
public protection; and
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4) Coordinating with the existing response community.

Planning should be viewed as an ongoing process: the cleanup activities
and site safety plan must be continuously adapted to new site
conditions, and new information that becomes available.

Anyone who enters a hazardous waste site must recognize and
understand the potential hazards to health and safety associated with the
cleanup of that site. Personnel actively involved in cleanup must be
thoroughly familiar with programs and procedures contained in the site
safety plan and must be trained to work safely in contaminated areas.
Furthermore, visitors to a site must receive adequate training on hazard
recognition and on the site’s standard operating procedures-to enable
them to conduct their visit ‘safely.- The objectives of these training
programs for employees involved in hazardous waste site activities are:
. To make workers aware of the potential hazards they may encounter;
. To provide the knowledge and skills necessary to perform the work
with minimal risk to worker health and safety;
. To make workers aware of the purpose and limitations of safety
equipment; and
. To assure that workers can safely avoid or escape from emergencies.

Employees should not engage in field activities until they have been
trained to a level consistent with their job function and the degree of
anticipated hazards. The training program should involve both
classroom instruction on relevant topics and hands-on practice. A
record of training should be maintained in each employee’s personnel
file to confirm that every person assigned to a task has had adequate
training, and that the training is up-to-date.

A medical program is essential to assess and monitor worker’s health
and fitness both prior to employment and during the course of work,
and to provide emergency and other treatment as needed. The medical
program should be developed for each site based on the specific needs,
location, and potential exposures of employees at the site. The program
should be designed by an experienced occupational health physician or
other qualified occupational health consultant in conjunction with the
site safety officer. A site medical program should provide: surveillance,
such as pre-employment screening; periodic medical examinations
(case-by-case basis); record keeping; and program review.

Site characterization provides the information needed to identify hazards
and to select worker protection methods. The more accurate, detailed,
and comprehensive the information available about a site, the better the
protective measures can be tailored to the actual hazards that workers
may encounter. The person with primary responsibility for site
characterization and assessment is the project team leader. Site
characterization generally proceeds in three phases:
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1) Off-site characterization to gather information (before entry) on site
location, geological, meteorological and hydrological data, and
information on site history regarding presence of hazardous materials;
2) On-site survey to verify and supplement information from the off-
site characterization; and

3) Monitoring to keep up with changes in site conditions (e.g.
atmospheric hazards).

Air monitoring is the process. of identification and quantification of
airborne contaminant. It can be achieved by direct reading instruments,
or by laboratory analysis of air samples obtained from the site. The
results from air monitoring indicate the potential inhalation exposure of
workers, and determine the extent of hazard and the required control
measures. .

~The purpose of personal protective equipment (PPE) and protective

clothing is to shield or isolate individuals from chemical, physical, and
biologic hazards that may be encountered at hazardous waste sites.
Careful selection and use of adequate personal protective gear should
protect the respiratory system, skin, eyes, face, hands, feet, head, body
and hearing. No single combination of protective equipment and
clothing is capable of protecting against all hazards. Thus PPE should
be used in conjunction with other protective methods. The use of PPE
can itself create significant worker hazards, such as heat stress, physical
and psychological stress, and impaired vision, mobility and
communication. In general, the greater the level of PPE use, the greater
are the associated risks.

Respiratory protection is of primary importance since inhalation is one
of the major routes of exposure to chemical toxicants. The federal
regulations require the use of respirators that have been tested and
approved by the Mine Safety and Health Administration (MSHA) and
the National Institute of Occupational Safety and Health (NIOSH).
Relevant testing procedures are described in 30 CFR Part 11.

Personal protective clothing is considered to be any article offering skin
or body protection. It includes fully-encapsulating suits, non-
encapsulating suits, aprons, leggings, and sleeve protectors, gloves,
firefighter protective clothing, proximity garments, blast and
fragmentation suits, cooling garments, and radiation-protective suits.
Special protective clothing is available offering a range of protection
against different chemicals. Selection of protective clothing is a
complex task and should be performed by personnel with training and
experience based upon factors such as permeability, durability,
flexibility, temperature effects, ease of decontamination, compatibility
with other equipment, and duration of usé.

Several site control procedures can be implemented to reduce worker
and public exposure to existing hazards. These encompass:
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. Making a site map;

. Site preparation for subsequent activities;

. Establishing work zones; '

. Using the "buddy system" when necessary;
. Establishing site security measures;

. Setting up communication networks; and

. Enforcing safe work practices.

The work zone concept deserves special mention. To reduce the
accidental spread of hazardous substances by workers from the
contaminated area to the clean area, zones should be delineated on the
site where different types of operations will occur, and the flow of
personnel among the zones should be controlled. The establishment of
work zones will help ensure that the personnel are properly protected
against the hazards, work activities and contamination are confined to
the appropriate areas, and personnel can be located and evacuated in an
emergency situation. Hazardous waste sites should be divided into as
many different zones as needed to meet operational and safety
objectives. The three frequently used zones are:

1) Exclusion Zone, the contaminated area;

2) Contamination Reduction Zone (CRZ), the area where
decontamination takes place; and

3) Support Zone, the uncontaminated area where workers should not
be exposed to hazardous conditions.

Delineation of these three zones should be based on sampling and
monitoring results and on an evaluation of potential routes, and the
amount of contaminant dispersion in the event of a release.

Decontamination is the process of removing or neutralizing
contaminants that have accumulated on personnel and equipment. It is
critical to health and safety at hazardous waste sites because it protects
workers from hazardous substances that may contaminate and
eventually permeate the protective clothing, respiratory equipment,
tools, vehicles, etc. Decontamination protects all site personnel by
minimizing the transfer of harmful materials into clean areas, and
protects the community by preventing uncontrolled transportation of
contaminants from the site. Therefore, a decontamination plan should
be developed (as part of the site safety plan) and set up before any
personnel or equipment may enter areas where the potential for
exposure to hazardous substances exists. The decontamination plan
should:
. determine the number and layout of decontamination stations;
. determine the decontamination equipment needed;
. determine the appropriate decontamination methods; and
. establish procedures to minimize worker contact with contaminants
during removal of personal protective clothing and equipment.
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Handling Drums Accidents may occur during handling of drums and other hazardous
and Other waste containers. Hazards include detonations, fires, explosions, vapour: ;
Containers generation, and physical injury resulting from moving heavy containers '
by hand and working around stacked drums, heavy equipment, and
deteriorated drums. While these hazards are always present, proper
work practices such as minimizing handling and using equipment and
procedures that isolate workers from hazardous substances can minimize
the risk of site personnel. The appropriate procedures for handling
drums depend on their type, contents, and condition. Thus, prior to any
handling, drums should be visually inspected to gain as much
information as possible on these aspects. The inspector should look for:
. Symbols, words, or other marks on the drum indicating that its
contents are hazardous, e.g., radioactive, explosive, corrosive, toxic,
. Signs of deterioration such as corrosion, rust, leaks, or bulging due to
internal pressure; and
. Drum type, and the drum head configuration.

Monitoring Monitoring should be conducted around the drums using instruments
such as a gamma radiation monitor, organic vapour monitor, and a
combustible gas meter. If buried drums are suspected, ground-
penetrating systems, such as electromagnetic wave, electrical resistivity,
ground-penetrating radar, magnetometry, and metal detection devices
can be used to estimate their location and depth.

Site Emergencies Site emergencies is the final category that must be considered during an
effective cleanup operation of hazardous waste. Emergencies happen ~'
quickly and unexpectedly and require immediate response. Site
emergencies can present complexities. Uncontrolled toxic chemicals
may be numerous and unidentified; their effects may be synergistic.
Hazards may potentiate one another; for example, a flammable spill
may feed a fire. Rescue personnel attemTﬁting to remove injured
workers may themselves become victims. is variability means that
advance planning, including anticipation of different emergency
scenarios and thorough preparation for contingencies, is essential to
protect worker and community health and safety. Therefore, a
contingency plan is required as a discrete section of the site safety plan.

Contingency Plan The contingency plan sets forth policies and procedures for responding

to site emergencies, and should ingorporate:

. The roles, lines of authority, training, and communication of
personnel.

. Mapping, security and control, refuges, evacuation routes, and
decontamination stations at the site;

. Medical/first aid;

. Equipment;

. Emergency procedures

. Documentation; and

. Reporting.

The contingency plan should be compatible and integrated with the
pollution response, disaster, fire, and emergency plans of local, state,
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APPLICABLE OSHA

STANDARDS

and federal agencies. The plan should be rehearsed regularly using
drills and mock situations and be revised periodically in response to
new or changing site conditions or information.

OSHA standards applicable to contaminated and hazardous waste sites
are summarized in Table V-14.

Table V-14

OSHA Safety Standards Applicable to Work on Contaminated and

Hazardous Waste Sites

Safety Topics 29 CFR 1910 29 CFR 1910
Ventilation Subpart G 1910.94 Subpart D 1926.57
Noise Subpart G 1910.95 Subpart D 1926.52
Ionizing Rad. Subpart G 1910.96 Subpart D 1926.53
Hazardous Mat. Subpart H
PPE

Subpart I 1910.1
Eye / Face Subpart I 1910.133 Subpart E 1926.102
H%ann. g Subpart I 1910.95 Subpart E 1926.101
Respiratory Subpart I 1910.134 Subpart E 1926.103
Head Subpart I 1910.135 Subpart E 1926.100
Foot Subpart I 1910.136
Fire Protection Subpart L ) Subpart F
Material Handling Subpart N Subpart H
& Storage )
Electrical Subpart S Subpart K
Toxic / Hazardous Subpart Z '
Substances . :
Trenching & : Subpart P
Excavation

REVIEW QUESTIONS

1.

What types of industry and government resources and standards are
available on construction safety and health?

What types of activities does the term material handling encompass,
as covered in this module?

. What are the different ways hazardous materials are classified?

How can hazardous chemicals enter the human body? How do they
affect it?

List the various federal laws governing the control of hazardous
materials for public and occupational safety and health. What are
their aims and coverage?

Describe the right-to-know laws and the Hazard Communication
Standard. What is the role of MSDS in their implementation?

Discuss the material handling hazards related to delivery, storage
and movement. What are the means of effectively controlling these
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10.

11.

12.
13.

14,

15.
16.
17.
18.

19.
20.

21.

22.

23.

24.

25.
26.

hazards?
What are the best practices for housekeeping?
Discuss the general and specific rules for safe manual lifting.

Describe the NIOSH eqliation for manual lifting. What is the
significance of the lifting index (LI)?

What are some of the tools and equipment used to assist in the
manual handling of materials?

Summarize the safe rigging procedures.

What are the differences between gas," arc, and resistance welding
(and cutting)?

Name the principal hazards associated with welding and cutting.
How can they be controlled and prevented?

What are the three main categories of concrete hazards?

Discuss the concrete material hazards and their control.

Describe the formwork and shoriné hazards associated with concrete
construction, along with the necessary measures for their control.
What types of hazards arise during rebar and concrete placement?
How can these tasks be performed safely?

Name the precautions necessary for cold weather concreting.

Discuss the hazards and precautions associated with steel erection
operations.

What are the typical construction activities exposing workers to fall
hazards?

Distinguish between fall prevention and fall protectxon between
actlve and passive fall protection.

Discuss ladder hazards and safety, and scaffolding hazards and
safety.

Describe the hazards and safety measures associated with open sides
and floor openings, and associated with roofing work.

What is meant by a motion-stopping safety system?

Discuss the hazards and safety precautions associated with cranes,
derricks, and hoists?
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27.

28.

29.

30.

3l
32.

33.

34.

35.

36.

37.

38.

What are the principal safety hazards of operating heavy construction
equipment such as bulldozers, scrapers, graders and loaders? How
can these hazards be prevented or mitigated?

Describe the safety hazards and precautions related to motor vehicles
in the construction project environment.

List the hazards of using manual tools, electric tools, saws, and
powder actuated tools. Discuss the relevant hazard control principles
and practices.

What types of safety hazards are associated with electrical work?
How can these hazards be controlled?

‘How are injuries and fatalities caused by electricity?

What are the factors contributing to cave-ins during excavation and
trenching operations?

Name some excavation and trenching hazards other than cave-ins.

Discuss hazard control in excavation and trenching addressmg the
shoring systems, sloping, and trench shields.

Define the term confined space. What types of hazards are present
in confined spaces? Describe the hazard control principles
associated with confined space entry.

List the health and safety hazards which must be considered in
hazardous waste site cleanup work.

Describe OSHA'’s ten step program designed to address the health
and safety concerns of employees involved in contaminated site
cleanup operations.

Name the OSHA standards (by part, subpart and section number)
applicable to the various construction operations, activities and tasks
covered in this unit.
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UNIT VI

ENGINEERING, DESIGN AND CONTRACT ADMINISTRATION

PURPOSE

OBJECTIVES

KEY TERMS

FOR SAFE CONSTRUCTION

To present information on the -engineering, design and contract
administration factors affecting the structural safety of constructed
facilities. '

To educate civil engineering students through case histories on the
principles and concepts of:

1. The causal factors of construction failures, including
(a) Natural disasters
(b) Engineering and design considerations
(c) Material properties and performance
(d) Construction methods and procedures
(e) Contract administration and project management

2. Safety implications of the constructability concepts, shop drawings
and change orders

3. ’femporary structures
4. Engineer’s role regarding safety and quality assurance

5. Liability issues for engineers.

Construction failure; structural failure; design deficiency; structural
details; erection procedures; communication process; natural disasters;
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FOR SAFE CONSTRUCTION

Tragic construction failures, especially those which involve fatalities and
substantial economic losses, often receive wide media coverage and
bring public outcry for preventive actions. Such incidences have
frequently led to federal investigations, and controversy and debate
within the civil engineering and construction community, and have
prompted legislative initiatives. The following are a few of the most
infamous examples of construction failures, which have caused great
losses and generated significant public and professional interest.

On April 23, 1987, L’Ambiance Plaza, a 16 story apartment building in
Bridgeport, Connecticut, collapsed during construction. The lift slab
method was being used in this project to erect the structure. The
collapse resulted in 28 fatalities and 18 injuries, which made
L’Ambiance the most catastrophic construction accident of the 1980’s.
An investigation was performed by the National Bureau of Standards
(NBS; now called NIST - the National Institute for Standards and
Technology) -to determine the most probable cause of this collapse.
This investigation (1) concluded that the most probable technical cause
of the collapse was the failure of some lifting assembly components,
designed and erected by the lift slab contractor and its subcontractor.

Several subsequent forensic investigations were also conducted on this
accident identifying design deficiencies and suggesting various alternative
failure mechanisms (2,3,4). Many experts involved in this work believe
that the fragmentation of responsibility, the delegation of structural
design to the contractors, and poor communication between the parties

were the underlying reasons that led to the collapse of L’ Ambiance
Plaza (5).

In April 1978, the hyperbolic cooling tower of the Pleasants Power
Station near Willow Island, West Virginia, partially collapsed during
construction, resulting in the death of 51 construction workers. The
patented jumpform scaffolding, which was supported by the partially
completed concrete shell, collapsed as the connecting anchors pulled out
of the partially matured concrete, one day after the pouring (6). This
accident brought to the nation’s attention the potential hazards of
temporary structures and the potential limitations of construction
materials.

Although this failure did not occur during construction, an important
lesson may be learned from the errors which led to it. On July 17, 1981,
the second and fourth floor hanging walkways spanning across the
atrium of the Hyatt Regency Hotel in Kansas City, Missouri, collapsed
and fell to the ground floor during a social event. Described as "the
most devastating structural collapse ever to take place in the United
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States" (7), this failure took the lives of 114 people and injured 200
more. According to NBS, which performed an investigation on the
failure, the cause of the collapse was inadequate connection details
between the steel box beams and the hanging rods (7,8).

It was found that without the consent of the engineer of record, these
critical details were altered by the steel fabricators in such a way that
the main source of support for the second floor walkway was
transferred from the roof to the fourth floor walkway, creating an
overload situation. This flawed revision was not noticed by the
engineer of record, who checked the shop drawings only for
conformance to the original design. This failure raised the question of
responsibility for the shop drawings and the design of structural details,
causing the engineering profession to start reconsidering the traditional
practices with regard to structural details, particularly those which do
not conform to the American Institute for Steel Construction (AISC)
standards.

Prevention of construction failures, first and foremost, require the
understanding of the causes. Many efforts have been directed toward
this end by engineers, forensic scientists, the legal community, and
legislators (9,10). In the early 1980’s, this problem was addressed by
the Investigations Subcommittee of the House Committee on Science
and Technology through a study aimed at determining the underlying
causes of the construction failures, and the possible related
shortcomings in technology and education. This investigation was
based on extensive interviews with construction engineers focusing on
the understanding of the actions that take place during construction. The

findings of this study were summarized as follows (11):

. The organization of a construction project is unique since it brings
together many parties for a limited period of time. )

. There is little evidence of the presence of consistent methods of
maintaining overall project quality.

. The structural engineer in charge of design does not perform all of the
design work; important details are implemented by steel fabricators.

. The structural engineer, who is the logical person to inspect a
structure,is discouraged from doing so.

. Recent engineering graduates are well trained in mathematics and
computers, but are relatively unsophisticated about the behavior of
structures.

. Long-span structures require careful quality control, and there is a
need for new approaches emphasizing dynamic behavior analysis.

More recently, Eldukair and Ayyub (12) conducted a comprehensive
study of the causes of construction/ structural failures, by reviewing 604
cases which occurred in the United States between 1975 and 1986.
They discovered that:

. Nearly 57 percent of failures resulted in collapse and 4 percent
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resulted in other unsafe conditions.

. A critical percentage (43.7 percent) of the structural failures occurred

during the construction phase.

Errors in design and construction phases of the projects were the most

predominant sources of failures. Design errors occurred in 51 percent

of the total failure cases; 57 percent of the total failure cases recorded
deficiencies in construction procedures.

. Structural designers were responsible for the errors in 48 percent of
the cases. Contractor’s site staff was accountable for errors in 60
percent of the total failure cases.

. Deficiencies in the construction procedures primarily involved
inadequate construction methods, ineffective evaluation of laws and
safety regulations, and inadequate planning and supervision.

. Errors in management practices had a tremendous effect on the
performance of project activities, the schedule, and safety. These
included deficiencies in work responsibilities, deficiencies in the
communication process, and insufficient work cooperation. Errors in
defining work responsibilities were dominant (30%) as part of the
deficiencies in management practices.

. A great majority of the cases (86%) indicated that reinforced concrete
elements were involved in the failures, and the highest number of
failed members (34%) were slabs and plates.

. The primary causes of most failures were poor erection procedures and
inadequate connection elements leading to inadequate load behavior,
followed by unclear contract information, and contravention of
information. A small percentage of failures were attributed to
unforeseen events.

. Secondary causes of failures were led by environmental effects
(mostly poor weather conditions), followed by poor supervision
and control, poor communications, poor material and equipment usage,
poor workmanship, and other minor technical and nontechnical factors.

The study found that the cases examined caused 416 total deaths and
2515 total injuries. The total direct costs of damage associated with the
studied structural and construction failures in 1986 were estimated at
$3.5 billion. The hidden indirect costs were excluded from the estimate
because of the difficulty of their determination.

It was also observed in the study that errors can be discovered with

additional inspection procedures along the planning, design, construction

and utilization phases of the building process. The authors recognized

four areas of control to prevent failures:

. Appointment of experienced and qualified site staff;

. Implementation of quality assurance and quality control procedures;

. Enforcement of penalties on contractors; and

. Implementing systematic procedures; i.e. planning, scheduling,
supervision and control.
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These studies and others have shed considerable light on some of the
common causes of construction failures. Based on these considerations,
it is possible to summarize the causal factors governing construction
failures into 5 major classifications, which are:

1) Natural disasters;

2) Engineering and design considerations;

3) Material properties and performance;

4) Construction methods and procedures; and

5) Contract administration and project management.

Natural phenomena such as earthquakes, hurricanes, violent storms,
tornados, etc. often cause enormous destruction to buildings and other
structures during construction or service, leading to loss of life and
property damage of significant magnitude. Although most structures
can be designed and constructed to withstand such overwhelming forces
of nature, some damage is often unavoidable (hence the term "Act of
God"). However, a natural disaster may also reveal a latent deficiency
in design, construction techniques, or code requirements.

A recent example (1992) is Hurricane Andrew, which resulted in the
costliest disaster in U.S. history. This violent storm with gusty winds
exceeding 150 mph, devastated many buildings, while revealing critical
deficiencies in construction practices in the South Florida area. This
fact became particularly evident in residential construction, where roof
failures caused by inadequate connections (13) resulted in the total
destruction of many wooden frame houses. Experts pointed to cost
cutting measures by contractors as a contributing factor for the great
damage caused by Hurricane Andrew.

Such disasters may expose critical deficiencies in structures, raising
concerns for public safety. The engineering community should
recognize the threat of natural disasters in geographic areas susceptible
to them, and propose corrective measures through code revisions to
eliminate or mitigate the potential failures.

Engineering and design for construction involve complex processes,
which blend technical expertise with skillful project organization and
management. In addition to design and construction knowledge, an
understanding of government regulations and building codes are
necessary, along with effective communications with various groups
involved in the construction process.

An important prerequisite to safe design and engineering is the
consideration of constructability. The constructability task force of the
Construction Industry Institute (CII), has defined constructability as the
optimum integration of construction knowledge and  experience in
planning, design, procurement, and field operations to achieve overall
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project objectives (14). It is indicated that this approach will lead to
greater productivity, lower costs, and improved quality and safety.

According to CII, the design process must integrate construction needs
from the conceptual stage to final delivery of contract documents.
Constructability analysis of the design can identify conflicts and
shortcomings that may complicate construction. It is therefore
beneficial to integrate such an analysis into the project execution plans
starting with the preliminary design stage. Meaningful input from the
constructors, construction managers or constructability consultants can
be very beneficial in the early stages of a project. Several critical
decisions are made during the schematic design stage that will
determine many subsequent construction activities. Factors such as

“availability of raw materials and skilled labor, costs, and the overall

project schedule can be incorporated into these decisions. It might be
assumed that the project schedule is construction sensitive, and the
general construction methods might consider the impact of seasonal
weather conditions, site characteristics, drainage and soil conditions.

Constructability reviews can be applied in more depth during the design
development and construction document preparation phases by
incorporating the following objectives and principles (14):

. Design configurations should enable efficient construction and

eliminate spatial constraints, which complicate proper assembly,

especiaily for large structural elements.

Sequence of design should follow construction logic and take into

account feasible construction time. For example, it may be important

to realize certain slabs which are designed for service loads may not
support the construction loads.

. Complicated construction details should be minimized, especially if
they require extensive on-site assembly. Standardization and pre-
assembled design should be maximized.

. Construction task interdependencies that would bring many trades
together should be minimized. ,

. Flexibility for field adjustments during implementation should be
allowed, and tight tolerances should be eliminated. An example of
this would be certain structural members which have adequate depth
to support the service loads not allowing for the necessary
connections.

. The site layout should consider accessibility, and in contract
documents there should be provisions for safe access for workers and
storage materials and equipment.

. The construction team should provide input and advice on access

needs, major equipment placement, and storage requirements.

Potential conflicts between underground work and heavy equipment

movement should be eliminated.

. The design and erection sequence should consider the stability of
incomplete structural frames during construction.
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. If the project needs to be completed during adverse weather
conditions, design procurement should facilitate an early
enclosure of the structure to minimize the exposure to harsh weather.
Specifications should promote the use of weather compatible
materials, and limit field work by using preassembled modules.

These principles imply that the consideration of constructability issues
during design can eliminate difficulties in execution of construction
tasks and avoid unsafe conditions on the job site. Engineers and
architects can address safety issues by using a method known as "job
hazard analysis" during the initial planning and design stages. This
technique can assist in identifying accident producing conditions and
their locations and providing the corrective measures to eliminate
hazards.  Finally, all document conflicts and discrepancies of
information caused by the possible lack of coordination between
different sections of the construction documents should be eliminated.
Such conflicts and gaps may go unnoticed and create constructability
problems (such as incompatibilities between structural members and
mechanical elements) when the project has reached an advanced stage.

Many structural/construction failures are caused by material deficiencies.
Materials, in and of themselves, may not be defective; however, their
inappropriate selection or utilization in the construction process may
lead to failures. Understanding the nature and properties of the
materials, along with their structural behavior, and strength and
durability performance in the service environment, is vital to the
successful performance of the structure, and the avoidance of failures.
For instance, freeze-thaw effects and shrinkage problems in concrete are
well known. However, strength development (maturity) is somewhat
less understood. The collapse of the Willow Island cooling tower
mentioned earlier was primarily attributable to incomplete curing of the
concrete resulting in insufficient material strength at the time of
formwork removal.

Building products have been continually evolving and their changing
attributes may present a challenge to the designers. New materials, as
well as technological advancements in traditional materials, create the
possibility of not fully understanding their potential limitations. For
instance, the performance of plastics which are gaining acceptance in
the construction industry have not been fully tested for all service
conditions. Improved properties of steel, concrete and wood can
enhance structural performance, but may also present some problems.
For instance, higher strength steel facilitates greater space availability,
but it may offer reduced ductility.

The effects of environmental conditions on materials is also an important
concern. For example, metals under certain conditions, are subject to

corrosion, despite conventionally adequate safeguards and quality
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control. Galvanic action between certain metals is a common cause of
corrosion. Metal fatigue may create cracks which weaken the material,
and facilitate chemical reactions promoting corrosion. Contrary to
common belief, concrete does not always provide adequate protection
to reinforcing steel. Moisture can reach the steel through the cracks
(and sometimes pores) in concrete causing corrosion, which can lead to
total deterioration. Chlorides also promote corrosion in steel. They can
come from deicing salts, or from chloride additives used in high-bond
mortar (10).

Incompatibility of materials which come in contact in the constructed
form may also cause deterioration. Different materials which form the
composite members of a structural member may have incompatible
tolerances, strengths and ductilities. These differences can produce
unanticipated stress redistributions. Incompatibility may also lead to
differential movements resulting from temperature and moisture
gradients. Different materials have varying coefficients of expansion.
For instance, brick, limestone and concrete have uniquely different
coefficients, and under the same temperature gradient, they may expand
and contract at different rates leading to cracks.

Some of the most important decisions regarding design, and
constructability reviews involve material selection. Engineers and
architects must specify the materials, approve substitutions (as may be
required by value engineering analysis), and test the quality of the
material during construction. These tasks must take into account all
exposures, compatibility, and the limits of performance. In the selection
of materials, manufacturer’s design and performance data must be
scrutinized, and qualitative information should be clearly documented.

Contract administration encompasses all activities from the beginning
to the end of a construction project relating to the execution of the
project tasks as provided for by the contract documents. Shop drawings
and change orders are the two most important aspects which may
impact construction safety. They are discussed in the following
paragraphs.

Shop drawings are documents prepared by various subcontractors who
will perform specific construction tasks. They usually show the specific
components of the constructed system and the details of the erection
procedure. Shop drawings have two critical purposes. First, they
constitute the contractor’s interpretation of the design documents.
Secondly, they provide the freedom to contractors (especially in
complex projects) to propose construction details. This is particularly
necessary where it is not economically feasible to include all the
necessary details on the contract documents. It should be noted that, in
many cases, suppliers and subcontractors may have greater expertise in
materials, construction methods, and familiarity with some new
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technologies, than the designer. This freedom generally results in a
competitive bid since the contractor is not forced to comply with
specific methods in which he may not be totally proficient. Shop
drawings are reviewed by both the contractors and the designers. They
are reviewed more critically by the responsible designers if the case
concerns structural details. Usually shop drawings receive precedence
over contract documents, and thus become the sole source of
information and guidance for the construction team. Any errors or
omissions on shop drawings can lead to inadequate construction which
may result in failures.

Deficiencies in shop drawing submittal and processing practices can
Jjeopardize safe and efficient construction. Three crucial factors must be
observed to minimize such problems, namely:

1) Efficient planning and time management;

2) Adequate shop drawing reviews; and

3) Good communication between the designer and the contractor.

Shop drawings must be coordinated with the construction schedule,
which should be based on critical path considerations. Since the
ordering and fabrication of most materials are dependent upon their
respective shop drawing reviews, unreasonable delays by contractors
and/or designers in completing these tasks may lead to overall project
delays, and budget overruns. However, shortage of time, pressures
from the contractor, or budgetary concerns must not be compromising
factors, jeopardizing safe design and construction. Shop drawings must
always be thoroughly reviewed by the members of the design team,
who have adequate knowledge of and familiarity with the task, and the
design concept.

Effective communication is perhaps the most critical factor in preventing
failures. In practice, there is often some overlap of design responsibility
between the engineer/design professional and the contractor /
subcontractor. This is especially common in certain areas like steel
connections or precast concrete construction. It is important that the
designers develop excellent communications with the contractors, and
clearly express their intentions. Also, the contract documents must
clearly define the extent of the contractors’ responsibilities to eliminate
any misunderstandings.

An unfortunate example of communication failure is the collapse of the
Hyatt Regency walkways described at the beginning of this unit. In this
case, the technical cause of the collapse was found to be the inadequacy
of critical steel connections. The original contract documents had called
for a set of continuous hanger rods, which would suspend from the roof
framing and pass through the fourth floor box-beam on through the
second floor. As constructed, however, two sets of hanger rods were
used, one set extending from the fourth floor box-beam to the roof
framing, and another set from the second floor box-beams to the fourth
floor box-beams. It is believed that the fundamental reason which led
to inadequate design of details was the failure of the engineers to
properly communicate their intentions to the steel fabricators.
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According to Banset and Parsons (8) who studied the problem, there
was a critical misunderstanding about individual and overlapping
responsibilities which led to serious breaches in communications
between the team members. Apparently, the structural engineer failed
to clearly communicate specific load information to the steel fabricators,
and the engineer of record delegated the design responsibility for the
box beam to the fabricator. Due to the omission of this critical
information, the fabricator acted upon the wrong assumption that the
engineer’s connection details were complete, and they merely had to be
developed. The commission which investigated this accident on behalf
of the state of Missouri ultimately concluded that the burden of
communication between the constructor and the designer laid on the

latter party.

The Hyatt Regency collapse also generated considerable debate with
regard to the inherent dangers of the traditional practices concerning shop
drawing reviews. In approving the shop drawings, design engineers
generally do not assume responsibility for the accuracy of the work
represented in the drawings. They simply verify that the information
submitted is in conformance with the design. In fact, the reviewed shop
drawings usually contain a statement which defines the limits of the
engineer’s professional liability in terms of the scope of evaluation and
the resulting action expected from the review. On the other hand, some
contractors view the engineer’s approval as assumption of responsibility
for the outcome of the shop drawing. The fact the that structural
engineers for the Hyatt Regency walkways were found liable, indicates
that the engineer’s role and responsibility is beyond just reviewing the
shop drawings to check for conformance to the design concept.

In the years following this tragedy, ASCE has addressed this issue in its
recent quality manual (15). It encourages continuing interactions
between design engineers and fabricators and allows delegation of
design responsibility to the fabricators, provided that they are performed
under the supervision of a qualified (licensed) professional engineer.
However, ASCE has also stated that the engineer of record should
assume the overall responsibility for design.

A change order is essentially a communication tool which is issued by
designers to the contractors/subcontractors during the construction phase
to alter the course of a project with owner’s approval. The necessity for
a change order may arise from unexpected site conditions, unavailability
of materials or equipment, potential design flaws, changes in owner’s
requirements and other relevant factors.

Change orders may have profound impacts on the project budget and
schedule, often imposing additional demands and liability for cost of the
related design and construction. This fact, coupled with time constraints
and pressures during construction, can cause the designers to pay
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insufficient attention to the preparation of change orders. Yet, change
orders become a part of the contract documents, and any errors or
omissions on them actually can become design flaws, which might have
an impact on the safety of the constructed facility and the site
personnel. Change orders should contain clearly written instructions
supported by complete and accurate drawings to avoid confusion and
poor guidance on the project changes.

Many building failures occur during construction. As the most critical
phase of a project, construction, especially the erection of the structural
frame, warrants special attention from the design engineer. Ironically,
the design engineer’s role during this phase is decreasing, despite the
growing complexities associated with the construction process and
technology.

According to Carper (16), there are two basic reasons for the erosion of
the engineer’s authority over the execution of design. The first reason
is the issue of professional liability and some seemingly arbitrary
litigation outcomes. In response to this dilemma, many engineers have
voluntarily reduced or eliminated the field inspection functions from their
services. The increase in legal exposure is arguably a legitimate
business concern; however, indemnification has proven to be a weak
legal defense. Further, it was observed that the design engineers
responsible for the Hyatt Regency Hotel were held liable for the
collapse, despite their attempt to relinquish their design responsibilities
to the fabricators. Similarly, the design engineer for L’ Ambiance Plaza,
who did not perform field inspection, surrendered his full professional
insurance policy to settle legal claims resulting from the collapse.

The second reason for the loss of engineer’s control is the cost. In an
attempt to reduce cost, clients are often reluctant to retain the services
of the design engineer for field inspection, if they find a less expensive
alternative. In a competitive market, engineers may have to agree to
this conflict in responsibility and authority, in order to appease clients.
Occasionally (especially in fast-track construction projects) the
responsibility for field inspection is left to the discretion of the
construction manager. Since the desire to reduce the cost and duration
of construction is an important consideration to the construction
manager, this approach may be preferable; but it may compromise
quality and safety.

It is clear that, in the interest of safety and quality, the design engineers

should assume a greater role during the construction phase of a project

in order to control the execution of their design. Engineers can improve

the quality of construction by:

. Assuring that the construction materials meet the specification
requirements; ,

. Assuring that the construction details conform to the contract
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documents;

. Evaluating the design performance and checking for errors; and
. Interpreting the intent of contract documents.

The degree of the engineer’s involvement in the construction phase could
vary depending on the nature of the project and should be defined in the
contractual agreements between the designer and the owner.

Recent construction failures have alerted the public to the importance
of construction inspection by design engineers. Many governmental
agencies at the local and state levels now require some form of
inspection by the engineer of record. After the collapse of the
L’Ambiance Plaza apartment building, the State of Connecticut enacted
legislation which requires the architects/engineers to certify that the
completed building is in conformance with their contract documents.
Similarly, following the collapse of the Harbor Cay condominium
project (not elaborated herein), the State of Florida mandated that
certain buildings, especially those with unique design features, should
be erected in the presence of a special inspector who must be a
professional engineer or a registered architect in the state of Florida

7.

The construction phase is by far the most demanding portion of a project.
All evidence seems to point to the importance of a well defined and
organized field inspection and quality assurance and control program
recognizing the roles of the owner, designer and contractor. Reluctance
of the design engineer to interfere in construction issues for fear of legal
exposure may not be a sound strategy for avoiding liability. Recently,
OSHA has linked some construction accidents to inadequate or faulty
design decisions and indicated that the design professionals perform
"construction related acts" by virtue of their involvement in design,
although this claim has been strongly contested (18). Some recent
litigation cases have sought to increase the engineer’s role in
construction methods and safety. For instance, the L’Ambiance legal
settlement has shown that design professionals can no longer rely on
"observation only" type contractual agreements, and might be subject
to costly litigation, should construction problems arise. Therefore, it
appears in the professional interest of the engineers to lead quality
control programs more aggressively, eliminate poor materials and
craftsmanship, and prevent failures for obvious reasons, as well as a
means to avoid professional liability.

In present practice, the construction methods and procedures by which
a building is erected are considered to be the responsibility of the
contractor. In a great majority of construction projects, constructors are
proficient and possess sufficient knowledge and experience in their
work. However, there may be some construction situations requiring
sophisticated structural design decisions at the time of erection, and
some constructors may attempt to make such decisions on their own
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despite a possible lack of capacity to do so. This may cause problems
regarding structural safety.

One such area is construction loads, which may at times exceed the
anticipated service loads. Construction loads were a critical element in
the failure of L’ Ambiance Plaza, and were not adequately addressed due
to the fragmentation of the design pro